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ABSTRACT 


The purpose of the study was three-fold. A com- 
parison of the effects of training with electrical muscle 
stimulation concurrent with isometric exercise, and iso- 
metric exercise alone was illustrated. A comparison of 
the monopolar and bipolar electrical stimulation tech- 
niques was illustrated. Lastly, an observation of the 
concept of specificity of training was given. 

Twenty-one male volunteers, ranging in age from 18 
to 35 years, participated. None had a recent history of 
Significant pathology to the knee joint or surrounding 
musculature of the right lower limb. Subjects were pre 
and post-tested on girth measurements, isokinetic measure- 
ments, and isometric strength measurements. The control 
group maintained a pattern of normal daily living. The 
isometric exercise group and two electrical muscle stimu- 
lation groups trained daily, five days each week, fora 
duration of six weeks. All training was performed with 
the right knee placed over a standard knee board fixed at 
an angle of 23,0 knee extension. The leg was isometri- 
cally restrained at the ankle and a restraining strap was 
placed across the hips in an attempt to prevent excessive 
movement. The 10:50:10 method was used during each train- 
ing session. The monopolar and bipolar electrical muscle 
stimulation concurrent with isometric exercise groups 


differed with electrode plate size and placement. 
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The statistical analysis used was a two-way MANOVA 
with repeated measures. The Helmert contrast and pair- 
wise contrasts were the post-hoc tests used. The MANOVA 
interaction effects were used to indicate where signifi- 
cant differences occurred. 

Within the limitations of the study, the following 
conclusions appear justified: 

1. Electrical muscle stimulation concurrent with 
isometric exercise was more effective towards enhancing 
quadriceps strength over a control group which did no 
training. 

2. Electrical muscle stimulation concurrent with iso- 
metric exercise was as effective as but no more effective 
than isometric exercise alone, for enhancing quadriceps 
strength. 

3. The two electrical muscle stimulation techniques 
concurrent with isometric exercise produced similar 
effects. 

4, Girth increments were observed to be indicative 
of the electrical muscle stimulation technique used. 

5. The electrical muscle stimulation concurrent with 
isometric exercise groups demonstrated minimal changes in 
dynamic strength. 

6. Muscular power was affected more by the monopolar, 
rather than the bipolar, electrical stimulation technique 
concurrent with isometric exercise. 


7. Muscular endurance was affected more by the 
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bipolar, rather than the monopolar, electrical stimula- 
tion technique concurrent with isometric exercise. 

8. Considering pre-treatment values and increments 
with training, the monopolar electrical stimulation tech- 
nique concurrent with isometric exercise was more effec- 
vive-rorvenhencing isometric Strenzgthvat Psy and BBO: 
knee extension. 

9. Bipolar electrical stimulation concurrent with 
isometric exercise was more effective for enhancing iso- 
metric strength at ahs” and -60° knee extension. 

LO.-Specifricity of training atean Tanglesof -30° knee 
extension was observed. 

Training with isometric exercise alone, or electri- 
cal muscle stimulation concurrent with isometric exercise 
enhances quadriceps strength. As a consequence of a low 
frequency faradic current being used to train healthy, 
innervated quadriceps muscle, significant differences 
were lacking to conclusively determine the more effective 


technique of electrical muscle stimulation. 
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CHAPTER I 


STATEMENT OF THE PROBLEM 


introduction 
eTheory oOftenetollowse practiced! « It 
is indeed fascinating and intriguing to 
discover why things work." 


H. Art Quinney, April 1980 


The quote by H.A. Quinney would serve to exemplify 
the use of electrical muscle stimulation in the rehabili- 
tation of musculoskeletal injuries. 

The concepts of utilizing electrical current in heal- 
ing of visceral pathology, or inducing a muscle contrac- 
tion by passing an electrical current through it is not 
new (33,54,60). The earliest documented use of an elec- 
trical charge applied to the human body for curing disease 
was the shocks of the torpedo, an electric fish, used for 
the treatment of gout, as described by the Greek physi- 
cian AEtius (54). 

In the intervening centuries from AEtius to the pre- 
sent, technological advances have been considerable, with 
extensive use of electrical muscle stimulation in the 
treatment of denervated muscle, internal disorders, states 
of paralysis, neuropathies, spasticity, and various other 
forms of non-musculoskeletal pathology (7,33,54,55). Elec- 
trical stimulation of musculoskeletal pathology has been 


concentrated on peripheral nerve injuries, paralysis, 
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muscle re-education and prevention of post-operative throm- 
poss (7533, 52). 

Until recently, those individuals involved in the 
paramedical field of rehabilitation have accepted and uti- 
lized without question the techniques, rationale and 
methods of electrical muscle stimulation application set 
down decades ago. Lately, the era of “scientific inquisi- 
tion" has pervaded the paramedical field, with respect to 
electrical muscle stimulation. Those involved with the 
treatment and prevention of injuries to sports participants 
have begun to ask questions and focus their attention on 
the potential benefits to be accrued from the use of elec- 
WincelTmusc belvystimulation-.: | Tihet motivating tf actors sitone 
of minimizing "down time" due to injury in an attempt to 
return the participant a has, pri hier Spomtras’ soons asi pos- 
sible, but within the limits of safety. 

The paramedical field has begun to employ simple de- 
ductive logic. It has been documented in the literature 
(33,55) that electrical muscle stimulation, particularly 
the faradic waveform, most closely approximates the physio- 
logical responses of a normal voluntary muscle contraction. 
Muscular exercise strengthens muscle, and increases the 
volume of tendons and ligaments enhancing their tensile 
strength (2). Blood supply to the active muscles, and 
removal of waste products is enhanced (2). The metabolic 
rate is increased, .as is the demand for oxygenation and 


nutrients (2). Venous and lymphatic return is enhanced, 
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and changes in the enzymatic composition of muscle occur 
G2) s 

Tf sthere sare certain (physiokogical-effiects derived 
irom muscubarrexercise, and if»the Paradic waveform-of 
electrical muscle stimulation most closely approximates 
thab-ofna inommal voluntary musclé -contraction ; pit iwould 
seem logical that similar benefits must be acquired 
through the utilization of electrical muscle stimulation. 

If electrical muscle stimulation of denervated and 
paralyzed states of muscle can minimize atrophic changes, 
facilitate circulation, prevent adhesion formation, and en- 
hance venous and lymphatic return (50,55,60), then the 
effects of electrical muscle stimulation on normal inner- 
vated muscle might be as great. The fact that normal in- 
nervated muscle is eae cei by different physiologi- 
cal properties than is denervated muscle necessitates the 
use of the faradic waveform for stimulation, as opposed to 
the galvanic waveform for denervated muscle. 

With spreading interest involving electrical muscle 
stimulation, many authors (9,11,14,15,22,61,63) have ap- 
plied the faradic waveform to traumatized joints and their 
surrounding musculature. Several studies (9,11,15) have 
focused on the response of various post-operative knee 
pathologies to electrical muscle stimulation as measured in 
terms of muscular enzymatic changes, strength retention, 
muscular atrophy, and length of overall rehabilitation. 


Generally, the degree of success has varied but has been 
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favorable towards Minimization of strength and girth loss 
in muscle. Definitive comparison of all documented studies 
is difficult as a result of extraneous variables in patho- 
logy and management, and the lack of standardization of 
technique. 

Until such-time as controlled research involving 
standardization of techniques, application’ and ‘resultant 
effects of faradic stimulation is documented, use of the 
faradic current may waste valuable rehabilitation time for 
both the injured athlete and the therapist. Although the 
altruism 'Only God and time can heal.' pervades rehabili- 
tation of musculoskeletal trauma, therapists are morally 
obliged to do everything within their power to optimize 


the conditions for healing. 


The Problem 

Past studies (9,11,15,28,61) have reported the bene- 
fits of electrical muscle stimulation in the’ rehabilita- 
tion of skeletal muscle, whether post-operative or post- 
trauma. If documentation of method or technique is given, 
the variations become obvious. As a direct consequence of 
these diverse techniques, comparison of study results is 
virtually impossible. Additionally, isometric exercise, 
which has been the forerunner and conventional form of 
exercise therapy, is being pushed aside without adequate 
evidence to suggest its lack of effectiveness. 


Thus, the problem under investigation was three-fold. 
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1. To investigate and compare the two proposed treat- 
ment programs of electrical muscle stimulation concurrent 
with isometric exercise, and a program of isometric exer- 
cise alone. 

2. To investigate and compare monopolar and bipolar 
techniques of electrical muscle stimulation. 

3. To investigate changes in specified physiological 
parameters at a variety of joint angles following a treat- 


ment regime of training at one specified angle. 


nignificance of the Study 


Owing to its anatomic characteristics, vulnerable 
position, necessity of unimpeded mobility and inability to 
be adequately protected by equipment, and the many 
stresses often placed eee it, the knee is a frequently in- 
sumed ponte The ecaxiom that ‘a joint is only as good as 
its surrounding musculature’ .is especially relevant for 
the knee joint where particular concern is given to the 
quadriceps muscle group because of its strong protective 
quality. 

After injury, the knee joint may reach a state of 
complete repair of all its structural components. How- 
ever, if the quadriceps and other musculature responsible 
for controlling the knee joint have been neglected, which 
may cause atrophy and lack of tonicity, the knee joint re- 
mains sub-normal with respect to adequate function. 


Greater concern in rehabilitation must be focused on 
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the muscular development surrounding the knee joint. This 
point is of major concern when dealing with an injured 
athlete, who is anxous to return to active participation 
as soon as possible. "Down time" resulting from injury 
becomes a prominent factor of concern in the rehabilita- 
Pion VEOCe Ss. 

Until recently; the sole means of regaining lost 
muscle strength and integrity post-injury with or without 
Surgical intervention and immobilization utilized iso- 
metric.exercise. Rehabilitation normally required 6 to 8 
weeks before the injured tissues had reached the stage 
whereby progressive resistance exercises (PRE) could be 
started with no detrimental effects to the patello-femoral 
articulation. The aim of any musculoskeletal rehabilita- 
tion program is are eect heia SO tierstage On PRE as soon sas 
possible, but safely. 

Several authors (11,15,21) have suggested that uti- 
lization of faradic muscle stimulation given during rehabi- 
litation would progress the injured athlete to the stage 
of PRE in less time than the conventional 6 to 8 weeks. 
Although levels of success vary with the studies cited and 
cross-comparisons are unrealistic as the result of the con- 
siderable variations in techniques employed, the fact that 
rehabilitation time was reduced is indeed of clinical im- 
portance. 

It should be re-iterated that although the ability 


to heal is not humanly possible, the potential to optimize 
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peetcangttions tor healing is ‘within the therapists’ field. 
The question arises as to whether therapists are in fact 
following the concept of optimization when they insist on 
utilizing untried and untested techniques of electrical 
muscle stimulation. 

Members of the medical and paramedical fields recog- 
nize the absence of standardization of electrical muscle 
stimulation techniques but continue to overlook this pit- 
fall. For example, Godfrey et al. (15) stated: 

"... The next step would appear to be a study 
examining whether a combination of isometric 
exercise plus tetanizing stimulation would 
lead to greater strength increase in the 
quadriceps muscle, following weakness caused 
Dye Ueanma Or Surgery 

Godfrey et al. (15) were premature in their conclu- 
Sions. A great many variables are uncontrollable when 
performing research on traumatized skeletal muscle, such 
as the severity of the injury or nature of the surgery. 

The study performed by Johnson et al. (22) set the 
Justification for the present study. 

"4. the effects of electrical stimulation on 

muscle tissue have been recognized for more 
than a century..., little is known about the 
standardization or efficiency of technique." 

When controlled research concerning techniques of 
electrical muscle stimulation and the subsequent effects 
on normal healthy innervated muscle where fewer variables 


exist is completed, optimization of the conditions for 


healing can be maximized. 
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Delimitations 

1. All subjects were male student volunteers, between 
UOMO SS5isyears “of age. 

2. The right lower limb was tested and treated for 
QeeesuDy Cots “ine al Digroups. 

oe None wor the subjects who participated in the study 
had a significant history of lower limb pathology. 

4. The study involved daily treatment sessions, five 
days each week for a duration of six weeks. 

5. The rectangular waveform was utilized for all sub- 
yeets inthe’ monopolar’ and: bipolarestimulation: groups,.for 


every treatment session. 


Limitations 

1. The subject's constraint of "normal daily living" 
was beyond the control of the investigation. 

2. The concept of performance of a maximal isometric 
effort was individually perceived. Each subject may have 
had their own psychological and physiological convictions. 

3. The extraneous variables of psychological tension, 
diet, and sleep which could have influenced the health of 
tissues and muscular strength were not controlled. 

4, The psychological frame of mind that the subject 
adopted during the testing and treatment sessions as re- 
lated to pain tolerance of electrical muscle stimulation, 
and to the concept and output of maximal voluntary con- 


traction was uncontrolled. 
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5. The intensity of the electrical muscle stimula- 
tion current was subjectively determined by the subject's 
individual tolerance, in each treatment session. 

6. oThearesultshofinthe sinvestigation tshall ibecextra- 
polated as to the possible ramifications for use on injured 


muscle. 


Definition of Terms 

bb. sabowcFrequency (Current :\-A ‘current characterized by 
eaevoltaze or tension that is constantly changing and is 
quite low, effecting a sudden change of ionic concentra- 
tion in the tissues affected, a stimulation effect of motor 
and sensory nerves, a rate of oscillation or frequency be- 
low 1,000 cycles per second (cps), a capability to cause a 
tetanic muscular won tenctitads and applied topically (54). 

2. Electrical Muscle Stimulation (EMS): An artifi- 
cial stimulation of a muscle or motor nerve effecting a 
minimum twitch, produced by the passage of an electrical 
current -applied topically rover the nerve plexus, nerve 
trunk, motor point, or muscle belly, and causing a con- 
traction of the muscle adequately stimulated (55,60). 

Hee aradism oF ):\ <A-form cof telectrical stimulation, 
consisting of a rapid rise and fall of unidirectional cur- 
rent impulses, characterized by a rectangular, square, saw- 
tooth, trapezoidal, or triangular waveform, a frequency of 
50 to 100 cps, pulsed or non-pulsed, and current pulse 


widths of 1.0 to 2.0 milliseconds (msec). The current is 
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capable of inducing tetany in:a skeletal muscle (54,60). 

ie "101503 LO": Notation refers to a 10-~second “maxi- 
mal" isometric muscle contraction concurrent with faradic 
current of maximal intensity for a subject, followed by a 
50-second rest interval. The routine is repeated until 
ten consecutive contractions have been performed (27). 

Dd. Hiectrode Mates A platercontaining an alloy of 
Zine elead and, aluminum, \Varies imnMsize, “is malleable, and 
has a plastic-encased connecting lead attached to it (54, 
oo) = 

6. Active Electrode Plate: A plate referred to as 
the cathode or negative terminal, placed distal to the 
anode, and placed over the motor point or muscle belly of 
the muscle being stimulated (33,60,66). 

7. Dispersive Electrode Plate: A plate referred to 
as the anode or positive terminal, placed proximal to the 
Cathode, and placed over the nerve plexus, nerve trunk, 
area of little subcutaneous tissue, or muscle belly of 
the muscle being stimulated (33,60,66). 

8. Monopolar Technique: A technique characterized by 
electrode plates of unequal size. The smaller active 
electrode is placed distally over the motor point of the 
muscle. The larger dispersive electrode is placed proxi- 
mally over the appropriate nerve trunk, nerve plexus, or 
area of little muscle tissue. The technique has the abi- 
lity to stimulate more muscles and deeper muscles (55,60, 


66) . 
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9. Bipolar Technique: A technique characterized by 
electrode plates of equal size, placed over the muscle 
belly, or functionally related muscle group. The active 
electrode is placed distal to the dispersive electrode. 
The technique has the ability to stimulate throughout the 
course of a muscle with an even distribution of current, 


and Iwill “affect Superficial muschkés' onby (3335). 
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CHAPTER IT 


REVIEW OF LITERATURE 


Introduction 

A multitude of publications describing electrical 
muscle stimulation research is available in North America. 
Many of these existing publications have focused on dener- 
vated human muscle, animal muscle tissue, or histochemical 
and biochemical tissue studies. Practical data investi- 
gating the effects of EMS on normal innervated muscle is 
scant. 

To date, studies on EMS are often reported in a vague 
manner, causing replication and cross-comparison of the 
results to be prevented. For example, some studies uti- 
lized static exercise homens other studies utilized dyna- 
Mic exercise. Results from studies utilizing healthy and 
diseased muscle have been compared. Thus, comparison of 
quantitative measurements in the literature to date be- 
comes difficult. 

However, EMS is still being utilized throughout 
various stages of rehabilitation to supplement established 


programs of static and dynamic exercise. 


Techniques of Electrical Muscle Stimulation 


The literature contains a variety of techniques and 
methods of electrical stimulation with minimal consistency 


and rationale. Thus, comparison of studies is difficult 
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and any conclusive statements must be accepted with cau- 
tao 

Bouman and Shaffer (4) discussing the physiological 
characteristics of denervated human muscle also included 
methods of electrode application. Skin resistance was 
minimized and impedance to current flow reduced if the area 
to be stimulated was clean and warm. Electrodes could be 
applied using the monopolar method whereby the smaller 
active electrode was placed over the motor point and the 
larger dispersive electrode placed elsewhere, proximally. 
The bipolar method utilized equal sized electrodes applied 
to include the entire length of the muscle belly. Bipolar 
technique gave a local distribution of current and within 
certain limits did not spread to other muscle groups. 
Milner and Quanbury (41) stabed: shat-torsamonopolar stimu- 
tationnofpannervated muscke, motor points will wary 
slightly with individuals, but the relative position fol- 
lowed a reasonably fixed pattern. The current must meet 
three conditions in order to stimulate an excitable tissue: 

a) The current must be of sufficient intensity. 

b) The current must be of sufficient time duration. 

c) The current must reach maximum intensity with an 

adequate speed of rise. 
(4) 

If a muscle is stimulated through its nerve, a slight 
increase in current will give a marked increase in muscle 
eontractionsay if sthesmuscle/isrstimulatedndirectiy, .antin- 


crease in contraction strength from an increase in current 
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intensity will be much less marked because the muscle pos- 
sesses an increased excitation range. Bouman and Shaffer 
also stated that it was possible to increase muscle contrac- 
tion strength if a human muscle was loaded maximally such 
that all muscle fibres are contracting and the stimulation 
current impulse rate was as high as could be tolerated. 

Kramer (34) stated that the Russian technique was 
difficult to interpret as a consequence of incomplete tech- 
nique and current description. Russian technique as des- 
cribed by Kots is thought to use a surging current and the 
format of 10-seconds of stimulation followed by a 50-second 
rest interval, repeated ten times. Strength gains overall 
were Similar whether the treatments were carried out on 
alternate days or on five consecutive days followed by two 
days of rest. The key factors were stated as being the 
total number of stimulation treatments, and an adequate 
rest period following each treatment. Optimal strength 
gains occurred with 20 to 25 treatments and were reported 
to be increments of 30% to 40%. 

Garret tetials, 1G13)oy l980 fared a machine of variable 
voltage with a frequency of 50 pulses per second to study 
the effects of EMS on quadriceps strength. Within each 
pulse was a sinusoidal waveform of high frequency. The 
EMS group and the exercise group were trained according 
to ian established *protocol daily,’ five days per «week, for 
a duration of five weeks. There was no indication of the 


protocol. All groups were strength tested on a weekly 
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basis. 

Kots (27) described the rationale behind the 1:03:50%.10 
routine which is presently used in many varied forms. Kots 
stated that EMS was useful in the treatment of soft tissue 
and hard tissue injuries, to increase strength of healthy 
muscles, to produce better results than, traditional exer- 
cise routines alone, and to isolate particular muscles for 
individual .sports «activity.» The current mustabe rstrone 
enough to give a maximal contraction of the muscle stimu- 
lated and the current must produce a low pain intensity or 
NowPainy thincthe Gurrent iis.to pe seiiectives 

Two types of electrical stimulation methods exist. 
Bipolar or direct stimulation involves placing one elec- 
trode at either end of the muscle. Bipolar stimulation 
primarily affects the superficial muscles. Monopolar or 
indirect stimulation consists of placing one electrode on 
the muscle to be stimulated, and the remaining electrode 
over the appropriate nerve root. Monopolar stimulation 
affects not only the superficial muscles, but also the 
deeper muscles supplied by the nerve. 

According to Kots, the maximum contraction of a 
muscle ina sample group of athletes lasts 10 to 15 
seconds.,.and.as: a result iof’ thissthe,actual stimulation is 
10 seconds....f «there as: no} maximal) contnaction;s iteis 
pointless to use EMS. Using a 10-second contraction, Kots 
investigated various rest periods of 10, 20, 30, 40 and 50 


seconds between the stimulations. For the intervals of 40 
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and 50 seconds, the amplitude of contraction from ‘the 
Second ‘cyclerdid totidaffer? from tthesfiirstucyc less ast hap- 
pened with rest intervals of 10, 20 and 30 seconds. © Kots 
then compared a 10-second stimulation with rest intervals 
of 40 and 50 seconds over ten contractions. Results showed 
that if the rest intervals were 50 seconds, the amplitude 
of the tenth contraction matched the amplitude of the first 
contraction. Thus, in order to achieve: ten maximal EMS 
contractions, the 50-second rest interval was used. 

If the rest intervals were 40)'‘seconds, the last few 
contractions were of a lower amplitude than the first con- 
bractvon:)) According to Kots, the attempt 1s being made to 
increase the CNS capacity by opening more pathways to the 
muscle by using EMS. The increase in pathways was found 
to be proportional to increasing the stimulation to opti- 
mum intensity. The major increase in the CNS is recruit- 
ment of nerve pathways in the peripheral system. 

Kots found that gains in muscular strength were cor- 
related to the number of treatments of the 10:50:10 rou- 
tines’ The author ‘advocated “daily treatments, five days 
each week, for a duration of seven weeks. A 15% to 20% 
increase in muscle strength was found after ten treatments, 
and increased to 30% to 40% after twenty treatments. 

The results of EMS given on alternate days were 
Similar to the results of EMS given daily, provided the 
same number of stimulations was given. The retention of 


muscle strength was maintained at approximately 90% of 
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the maximum for ten months after the stimulation sessions. 

Kots noted an increase in the endurance capacity of 
the muscle after seven weeks of stimulations given daily, 
Five days each week. Kots explained the result was due to 
an improved circulatory flow to the stimulated muscle. 

The maximum increase in velocity of the stimulated 
musciesoccurred aeiter lOtto L5estimtilation- sessions. 
Torque during a voluntary contraction was approximately 
30% less than that of an electrically stimulated contrac- 
tion. For a single muscle, the torque may be 10% to 15% 
less for a voluntary contraction than for the electrically 
induced contractions. 

Summarizing the findings of Kots, the most viable 
routine is a 10-second contraction followed by a 50- 
second rest period, for ten consecutive contractions 
(10:50:10). Daily sessions five days each week yielded 
the best results. Maximal gains for velocity occurred 
after 10 to 15 treatment sessions. Maximal gains for 
strength occurred after 20 to 25 treatment sessions, and 
maximal gains in the endurance capacity of a muscle oc- 
curred after thirty-five treatment sessions. 

Siemen's Electromedical Company (66) promoted mono- 
polar and bipolar techniques. Monopolar stimulation was 
described as using two electrodes of different sizes, fre- 
quently a 2:1 ratio. The smaller active electrode should 
be placed over the motor point of the muscle or nerve, and 


the larger dispersive electrode should be applied some 
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distance from the stimulation site. The bipolar technique 
uses electrode plates of the same size applied directly 
over the muscle belly or functionally related muscle group. 
The muscle is permeated with current throughout the whole 
length. The cathode is the distally placed electrode. -As 
a result of the lower current density under the equally 
Sized electrode plates, the treatment caused minimal sen- 
sory and cutaneous discomfort. The current is able to be 
concentrated at the desired area of application. Daily 
treatment sessions were found to give the best results 
(66). Electrode plates should be placed on top of sponge 
pads soaked in tap water. Rubber straps are used to re- 
tain the electrode plates and sponge pads in place to en- 
sure firm: contact for current« conduction. 

Curwin et al. (9) used a medium frequency current 
which delivered pulses of 10 msec duration, every 20 msec, 
and at a frequency of 50 cps. The authors noted that bi- 
polar stimulation of the quadriceps resulted in stimula- 
tion of the superficial muscles, whereas monopolar stimu- 
lation using the motor point of vastus medialis caused 
stimulation of the deeper quadriceps. The 10:50:10 rou- 
tine given daily, five days per week for six weeks was fol- 
lowed for patients who had undergone anterior cruciate re- 
construction. Muscle biopsies taken at regular intervals 
provided an analysis of enzyme activity. The medium fre- 
quency electrical stimulation caused a high degree of pain 


related to intensity of muscle contraction, and prevented 
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MaxamMalvoutpuLebys the patient. Lhusywthe maximalecontrac- 
tion resulting from the stimulation was less than a maxi- 
mal voluntary contraction, yet the results were still of 
importance. Complete details concerning the methodology 
were lacking. 

Eriksson and Haggmark (12) in 1979 used one group 
which consisted of patients who had anterior cruciate 
ligament repair followed by the standard plaster cast and 
isometric exercise, and a second group which consisted of 
patients with similar pathology followed by the standard 
plaster cast, electrical muscle stimulation and isometric 
exercise. A cast window for electrical stimulation was 
cut over the distal aspect of the quadriceps muscle, and 
the anode was placed over the femoral nerve. Electrode 
plate size was not specified, nor was the type of current. 
Theronlyrdetailgiven' was that the frequency of current 
wease200 ‘cps £Stimulation was°ofesuftficrent@intensity’ to 
cause a tetanic quadriceps contraction. The EMS routine 
consisted of a 5 to 6 second contraction followed by a 
5-second rest for a duration of one hour. Treatments were 
given daily, five days each week, for four weeks. Muscle 
biopsies were taken prior to and one week after surgery, 
and at the time of cast removal. 

The technique used by Hartsell (21), involved the 
lower limb of one subject immobilized in a long cylinder 
cast. The lower limb was free of pathology. The cast 


window was cut over the motor point of vastus medialis for 


a a 


~aRitioy Perea 
~ iain, @ rug wees tivr SS ew 

ny sa, vee Tee! ea ; aX 
ee Ilite-szow efinsest oe Sate: 
cio aaah 


ih 
Am. 4 
ey 


yecichettom ody artisrese eS 


ba 


AS 


th 


| = ae ee 
QUOXN Sts Hows OPC eee 0) tent on 
etnisauys toitsi Ae Daa entw ehirinag te £ 

bs teno tedestq Basket otfioyt Gewelic®: ound 


as as 
‘cw (wong Dooder s bee  eaioteta: saa . 


~*~ f pe 
5 Beteransom nos 


bishreta ‘ott od Lewol fot aes omag tet iene siti 
: Speaitans S 


‘a 


ees 
ian aD 
- > 
‘a5 


sf 


inganceal hoe coitelvertte sfinog Isdtvioets aea0-9 
saw notte lsutte Ieotatoeto eek wosrty Gago 8 “(Serer 


Sine ,Sloeva eqosinisup eff Teo taegaw Bever® aig —— 
‘sbottosild .avrearnt Ladamet gt? ‘ra¥0 Beta Tg Say ebons ¢ 
,taesrus Io edvir sit. aaw ter ebeltiostes f¢n mew | suis | 
treviso Le Yorneupeat oN sans aaw movig. Liersh vine. a 
ot ytieaetert! iugioitine “eo sew nottaivaive- sade 008: ‘act 


ma 


= 7 
* = cng - 
stitvoe SMR eit .aelioenvtabs e¢eutsbaup Siteset &) Seis 


3 me 


Wee: 


2) 


s yo Bewoliol neffoemings batege Oot.) & Is oe: 


U 


’ 
otow erasmeor? <“eom Gar to sro horas = TO? tease naceg 


sfonuN .ddoew suet 46 Jew apes eyed SELt Raa 13 is 


7 
> 


\issivs ‘site Jesw ene, Bie eleteing saedst sxew ae Le 
x isvemet tesa: do emir 7 ts 
aif heyfevri ,{f{8) Disadtst ag Bear’ evpisioss 
tsbrifve gaol # of beaiiedemet tostdue snc. to @ 
teas et? .yaoicttsd }ovesat mewiGmtl towol « 
10k silsiban- autesy te Petey se, 


20 


the active electrode plate (6 cm x 8 cm). The dispersive 
electrode plate (6 cm x 8 cm) was placed over the femoral 
nerve in the femoral triangle. Sponge pads (7 cm x 9 cm) 
were soaked in ordinary tap water. The 10:50:10 routine 
was administered daily, five days each week for a duration 
of four weeks, twenty stimulation sessions in total. The 
Neuroton 627 was the machine used to deliver the square 
wave, 2.0 msec duration pulse, 65 cps and 60 mA. Measure- 
ments of muscle power, endurance, dynamic strength and iso- 
metric strength were recorded on the Cybex II isokinetic 
machine. Girth measurements were recorded over the belly 
of vastus medialis (located as 77.5% of the distance from 
anterior superior iliac’ spine to medial vjoint line), 10 cm 
puovamel and 20 cm “proximal ;to the belly of vastus medialis. 
Currier eri‘ ail. (8) studied healthy volunteers. The 
controls group consisted) ‘of fourteen ifemales, the isometric 
exercise only group consisted of seven females and four 
males, and the electrical stimulation group concurrent 
with isometric exercise consisted of ten females and two 
males. Training was completed daily, five days each week 
for two weeks, for a total of ten sessions. Isometric 
exercise consisted of a 6-second contraction followed by 
a 10-second rest period repeated six times. Electrical 
stimulation consisted of a rectangular pulse width, and 
intensity was maximally determined by each subject. The 
cathode (7.6 cm x 12.2 cm) was placed over the femoral 


nerve and the anode (7.6 cm x 12.2 cm) was placed distally 
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over the quadriceps femoris. The exercise technique for 
EMS duplicated that of the isometric exercise group. The 
authors' description of electrode placement contradicts the 
literature to date (9,21,23,63,66) as does the stimulation 
format (9,21,23,66) and may explain the lack of success by 
the authors. Both of Currier's treatment groups completed 
exercise on the Cybex II isokinetic machine with the lower 
limb at -60° knee extension. No rationale for the position 
of the lower limb was given. Pre and post-test measure- 
ments consisted of torque, and time-to-peak tension during 
one 6-second maximal isometric contraction. Of interest 
was the fact that five subjects developed either knee or 
back pain which was thought to have prevented maximal 
effort. 

Godfrey et al. (15) assigned subjects with post- 
surgical or post-traumatic lower limb injuries to a group 
which consisted of isometric quadriceps exercise at 75% of 
the subject's maximal value, or to a group which received 
electro-stimulation. The isometric training group followed 
the 10:50:10 routine, in a seated position on a quadriceps 
table. The EMS group followed the 10:50:10 routine and 
was stimulated by fast repetitive tetanizing pulses at 60 
cps. The active electrode was placed over the vastus 
medialis and the dispersive electrode was placed on the 
middles thirds ofthe anterior: thigh.« Treatment:foreall 
subjects was given daily. After three weeks, circumference 


measurements of the thigh taken 10 cm and 20 cm superior to 
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the adductor tubercle on a line with the anterior superior 

iliac spine, daily range of motion measurements, and maxi- 

mum torque exerted by the quadriceps were recorded for pre 

and post-test measurements. Monopolar or bipolar technique 
was not specified, nor was electrode plate size. 

Throughout the studies completed by Wise (63), a 
standard faradic unit delivering 50 cps and capable of 
producing a’ tetanic ‘contraction was used. | The: Russian 
10:50:10 routine was used and electrode placement was 
generally over the motor point of the muscle being stimu- 
lated and the appropriate nerve root. Current intensity 
bordered on intolerance to facilitate successful gains in 
muscle strength. Wise did not describe electrode plate 
size, position of the extremity during training, frequency 
of -sessions > ’ori/the Asp duration oiMreatments prior’ to 
discharge or end of the training program. Wise inferred 
that a*nayor factor imtluencingsthe results wwas-that icf 
using subjects considered to be above normal in muscle 
strength prior to the study (intervarsity wrestlers and 
basketball players). 

Johnson et)/alii ©(23) “in 8977 sised “the Neuroton?627 for 
faradic stimulation on patients with patello-femoral chon- 
dromalacia (P-FC). Fifty patients divided into severe and 
mild P-FC groups completed a 6-week program of the 10:50:10 
routine given every second day. The machine delivered a 
PULSE Wilden oPloO..beto 2. .O msece or requency of 65 cps and a 


Square waveform. The active electrode C5nemeax 6705 cm) twas 
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placed distally over vastus medialis and the dispersive 
electrode (7.5 cm x 12.5 cm) was placed proximally over the 
femoral nerve. The knee was blocked in ar knee extension 
and a restraining strap was placed across the ankle. The 
Subject was in a long-sitting position. Pre and post-test 
measurements consisted of thigh girth measured 7 cm and 

15 cm above the patella, and isometric strength measure- 
ments at Areve knee extension. No indication of a volun- 
tary isometric quadriceps contraction concurrent with the 
EMS was given. Patients who had the shortest interval be- 
tween treatments and the highest tolerated amperage demon- 
Strated the best results. The greater the atrophy, the 
more effective the technique. Johnson et al. (23) sug- 
gested the result was a natural limit to the benefit 
capable of being aevames from the technique. 

Kopsii(255.260n 1n11976,4. trained: thes biceps: of nine arm 
and the calf muscle groups of both legs of sumo-wrestlers. 
The "“TU=-1%4)\unat,cdeliveringe rightyangienpulses at750 cps 
and 1.0 msec duration was used. Square electrode plates 
(4 cm x 4 cm) were placed on both sides of the muscle 
belly being stimulated. Measurements of maximum arbitrary 
power, firmness of muscle contraction, and extremity cir- 
cumference were taken. Subjects were treated daily for an 
average of fourteen treatment sessions. Current intensity 
was subjectively maximal. Results indicated that the 
right-angle impulses of 1.0 msec duration given at 50 cps 


developed the highest possible tetanic contraction of the 
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muscle fibres.  Kots stated that stimulation of 100 seconds 
in total per treatment, given daily or every second day re- 
sulted in a significant increase in muscle power. Informa- 
tion regarding technique, frequency and actual routine for 
training was not available. 

Wikkiams and Streets (61)-usedethe+old«Smart<-Bristow 
faradic coil to stimulate ten males and ten females who had 
undergone surgery for various knee pathologies. Subjects 
were placed in a long-sitting position with a block placed 
on the posterior thigh. Active electrodes were placed 
over the motor point of vastus medialis and two-thirds of 
the way down the anterior thigh. Two separate circuits 
were used. Daily treatments lasted twenty minutes and 
consisted of ten isometric quadriceps contractions with 
the EMS current nea by ten contractions induced only 
by the stimulation current. Definitive technique and des- 
criptive methodology were lacking. 

Hamilton (20) had all groups train three times per 
week for a duration of four weeks. The isometrically 
trained group performed three sets, maintaining six repe- 
titions maximum (RM) for 15-second contractions. The iso- 
tonic group performed three sets at six RM. The electrodes 
for the EMS group were placed over the origin and belly of 
the biceps muscle. - Current intensity bordered on intole- 
rance, was administered with the arm in ~90° elbow exten- 
Sion, and was given concurrent with an isometric muscle 


contraction. A 15-second work/rest interval was used for 
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ten repetitions. 

Milner and Quanbury (41) in 1969 studied force, pain 
and electrode size in electrical stimulation of paralyzed 
tower Tombamusclese using ycathodetplateswor 2.5405, 210 
and 20 square cm applied over the motor point of the 
muscle, and a 30.5 cm square anode electrode placed proxi- 
mally, stimulation was administered to eleven subjects. 
Results showed that electrode plate size was dependent on 
the area to be stimulated and the intensity of current 
density able to be tolerated by the subject. 

Massey et al. (39), 1965, compared the effects of 
four methods of training on the muscle strength, girth, 
and grip strength of the upper limb. All groups trained 
three days per week, for a duration of nine weeks. 

The EMS group ieesimed one 10-second maximal contrac- 
tion (subjectively determined). The current was charac- 
terized by a frequency of 1000 cps, intermittent D.C. with 
a square wave and a rise time of 5 microseconds. The anode 
(23 cm x 23 cm) was placed on the trunk and the cathode 
(7.5 cm x 7-5 cm) was placed over selected muscle groups. 
The progressive weight-training group used dumbells of suf- 
ficient weight to allow them to perform two repetitions for 
each exercise, which increased to eight repetitions for the 
remaining four weeks. The static exercise group executed 
eight exercises whereby one 10-second maximal contraction 
was performed. The light recreational activity group par- 


ticipated in volleyball and swimming. 
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Strength measurements, grip strength, and girth mea- 
surements were taken prior to, after the fourth week, and 
ab theueonelusrontotetherstudy « 

The technique used by Millard (40) was unsubstan- 
tiated. One group performed static non-weight bearing 
quadriceps exercises. A second group performed active 
flexion and extension exercises with partial weight bear- 
ing. A third group performed strenuous exercises. Sub- 
jects that received faradic stimulation had the knee 
flexed and blocked in Bh ae to -10° knee extension. Cur- 
rent intensity was sufficient to only raise the heel off 
the plinth. Current was a 1.0 msec pulse, square wave- 
form, delivered at 50 cps at a rate of 30 times per minute. 
Electrode platesc(7.5<cm x 7.5)/cm) \were/placed | at tright- 
angles to the muscle papeeen Vastus lateralis, vastus 
medialis and rectus femoris were individually stimulated 
for ten minutes duration. The results were statistically 
non-significant and could be attributed to the treatment 


program used. 


Studi es@ande Uses or Blectrical Muscle Stimulation 


Kramer (34) in 1980 reviewed the Russian theories of 
muscle stimulation. Although muscle stimulation may be a 
valuable adjunct for rehabilitation, the general philo- 
sophy that voluntary exercise is of greater benefit for 
restoring muscle strength remains upheld. Previous Cana- 


dian studies that attempted to replicate Russian theories 
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and results failed to demonstrate significant increments 
with the use of electrical muscle stimulation as opposed 
to voluntary exercise for two reasons (9): 

i.) Vie Gothic) mistrbe tohsarieutiecient anten- 

sity in order to produce a maximal or near 

Waxamak contraction of (alivethe muscle Libres 

at a tetanus frequency. 

itv) Pain must be minimal and ‘since the low fre- 

quency faradic stimulation uses frequencies 

which are below those thought to maximally 

activate all motor units, especially the 

large motor units, increases in intensity 

to activate more fibres increase pain. 
It was theorized that the Russians utilized a medium fre- 
quency: current, ofsjisui ficients intensityisbo tactimates all 
available motor units at a maximal tetanic frequency, but 
were able to minimize sensory discomfort at the same time. 

The key factor claimed by Kots (27) was that the 
Russians were able to activate all available large and 
snalinmoporunicteie Thus) at wouldabesGeasi bles to obiain 
electrical stimulation assisted contractions which pro- 
duced 10% to 30% greater isometric tension than maximal 
voluntary contractions. 

Kramer concluded that previous studies reported have 
involved the use of electrical muscle stimulation in the 
treatment of post-surgical knees, but that comparisons of 
studies were difficult as a consequence of different treat- 
ment techniques used, different current forms used, and 
different populations being treated with no controls. 


Garretty etal. (13)5,21980, attempted to determine if 


a specified type of EMS alone was capable of developing a 
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significant increase in strength of normal quadriceps 
muscle. After five weeks of training, Significant dif- 
ferences (ps.05) were found between the control group 
(N=10), the isometric strength group. (N=10), and the EMS 
group (N=10).. A significant difference (ps.005) was. found 
between the control and EMS groups. Also, a significant 
difference (ps.0025) was noted between the control and 
exercise groups. No difference was found to exist between 
the EMS and exercise groups. The authors concluded that 
the EMS did produce a strengthening of the quadriceps 
muscle. Thus, using EMS was better than not using any- 
thing, but had no greater effect than isometric exercise. 

Godfrey et al. (15) in 1979, reported on the effec- 
tiveness of using fast repetitive tetanizing pulses to in- 
crease muscle Ea Utilizing post-surgical and post- 
Traumeatucrpati emits: i(N=35):,.08atcomparisonsof <the veffects rot 
isometric quadriceps exercise and electrostimulation on 
quadriceps strength was made. A significant improvement 
of both groups was observed, but a greater improvement in 
isokinetic quadriceps strength was noted in the group which 
received electrostimulation (ps.05). The authors concluded 
that although an increase in isokinetic muscle strength 
was tound ‘toroccur withvactiveiisometric; isotonic, ior 
isokinetic exercise, the use of tetanizing electrical 
stimulation (faradic current) was a more effective method 
of increasing or improving muscle strength. 


The increased quadriceps strength with electro- 
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stimulation was not associated with the standard increase 
mm bulk. .produced «by ,other:i orms .of exercise «a Godfrey, et 
al. +CL5 »tumther stated that.cthe timplications for: treat- 
ment with electrostimulation versus voluntary contraction 
were sisnitioant :climically, andthe fuse, of electrical 
stimulation could avoid a delay of patients who found it 
Te hely abichecukth img sthe pehabrhi tation stopmaintainna 
full voluntary contraction. The final and most relevant 
concluding statement was, "The next step would appear to 
be a study examining whether a combination of isometric 
exercises plus tetanizing stimulation would lead to 
greater strength increase in the quadriceps muscle follow- 
ing weakness caused by trauma or surgery" (15). 

Currier et.al. (8) compared programs of electrical 
muscle stimulation Eee aes with a maximal isometric 
contrac tLon -and. maximal, sometricycontractironssalione. The 
authors' results showed a strength increase of 19% for the 
isometric exercise group (N=11), and an increase in 
strength of 21% for the electrical stimulation group 
(N=i:2)\.. ..the results were statistically significant 
(ps-05)..- No.significant change in the control group oc- 
curred. Currier et al. (8) concluded that electrical sti- 
mulation given concurrently with isometric exercise in- 
creased muscle strength over the control group but did not 
benefit the subjects nor provide greater enhancement of 
muscular strength more than conventional static exercise. 


Ther purthore accounted. for the mesulbts bysstating: that in 
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the past more beneficial results may have occurred using 
electrical stimulation with isometric exercise because 
earlier studies often utilized patients with lower limb 
pathology. Atrophic muscle is generally considered to be 
moresresponsiblevtouthis form ior anyeform of rehabilita- 
twone than ishnormal healthy mausclet «eCurrier: etsal .w(8) 

| also stated that the work intensity (6 seconds) followed 
by a short rest period (10 seconds) was a vigorous rou- 
tine, but may have prevented maximal effort from some sub- 
jects as a result of pain, caused by muscular discomfort 
from contraction, skin sensory discomfort, or being unac- 
customed to the activity. 

Eriksson and Haggmark (12) studied quadriceps 
strength and enzyme levels following electrical stimula- 
tion given during a period of immobilization following 
surgery for anterior cruciate ligament reconstruction 
(N=8). Although the sample consisted of only eight sub- 
jects, results showed that subjects who received the stan- 
dard plaster cast, isometric quadriceps exercises and 
electrical stimulation demonstrated less muscular atrophy 
and better muscle function than the subjects who performed 
conventional static quadriceps exercises in the standard 
plaster cast. A comparison of the succinate dehydrogenase 
(SDH) activity level calculated from muscle biopsies taken 
pre-operatively, one week after surgery, and five weeks 
after surgery when the cast was removed, revealed a 


statistically significant (ps.05) increase in the SDH 
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activity level for the electrical stimulation group as 
compared to the isometric group, when an analysis of the 
pre-operative and cast-removal data of SDH levels was made. 
The authors concluded that since’ SDH activity is well cor- 
related with the ability of the muscle to perform daily 
work and engage in sports, electrical stimulation was more 
effective than conventional static exercise in the rehabi- 
litation of the injured athlete. The athlete in the elec- 
trical muscle stimulation group demonstrated less muscular 
atrophy and better muscle function than the static exer- 
cise group. 

Gosling (17) in 1979, concerned about the loss of 
quadriceps muscle integrity and patellar mobility as a 
consequence of immobilization and surgery, studied the 
effects of electromyographic (EMG) feedback of the quad- 
riceps during immobilization of all patients. Observa- 
tions suggested that upon cast removal after a program of 
in-cast stimulation, ‘static quadriceps exercises and 
straight leg raises could be performed immediately. The 
technique resulted in an increased range of motion, de- 
creased pain, and a reduction in the length of time neces- 
sary to regain normal function of the’ extremity. This 
method was used primarily as a means of feedback for 
muscle re-education or function and was only to the level 
ofupatientdiscomi orti 

Gurwin etal. (9) studied “the clinical applications 


and biochemical effects of high frequency stimulation, 
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and the deterioration of muscle during immobilization which 
was shown to delay a return to activity. Subjects (N=un- 
known) having undergone anterior cruciate ligament repair, 
followed by standard immobilization, were placed in either 
the standard static isometric exercise group or the group 
which received electrical stimulation concurrent with stan- 
dard static isometric quadriceps exercise. Analysis of 
muscle biopsies revealed no statistically significant dif- 
ferences in glycogen concentration between the two groups 
of subjects. However, the authors suggested that the re- 
sulst.may have..been) due,to, other, factors, (suchaasddiet, 
which may have affected glycogen concentrations, but were 
not controlled. Results showed that the adenosine tri- 
phosphate (ATPase) activity for subjects in the electrical 
stimulation group increased over time, but a decreased 
ATPase activity was observed for the control group. The 
authors concluded that use of the high frequency stimula- 
tor prevented some of the deteriorating biochemical 

changes which occur in immobilized muscle. 

Hantsell..(21) -ined Sol studied, thesetfects!ofnekec-— 
trical muscle stimulation on quadriceps muscle strength, 
applied during plaster immobilization of a normal healthy 
lower limb for four weeks. The lower limb was casted in 
-10° knee extension. Even though a single-subject case 
study, meaningful results were obtained as subject com- 
pliance with procedural format was controlled. Comparison 


of pre and post-cast girth measurements revealed no 
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avropni oO hansestim vastus medialis, ttheiafocal point lof «the 
EMS. Muscle function was good, and immediately post-cast 
there were no signs of reflex inhibition. A mild loss 
(to) of “active ‘range ‘of motion was observed. Commonly, 
post-cast range of motion, in patients who did not receive 
in-cast muscle stimulation, was considerably less. The 
conclusion was drawn that with minimization of muscle 
atrophy and minimized loss of range of motion, oxygenation 
of the tissues and provision of nutrients were maintained, 
waste product removal and venous stasis were enhanced, and 
fibrous tissue build-up was prevented. Comparison of pre- 
cast and post-cast measurements on the Cybex Isokinetic 
unit demonstrated no change in muscular endurance which 
implied no impairment of waste product removal. Muscle 
power was minimally affected, and demonstrated a 30% loss 
from the pre-cast measurement. The least strength loss 
occurred at 30° of knee flexion. The loss was clinically 
significant since’ thevwlast :30 degrees to full extension is 
the most difficult range to attain and maintain as a conse- 
quence of injury or immobilization, usually. Lieb and 
Perry (So, 87) NetatedGtihatttheriast 6 et0e30tdecrecenitoatul) 
extension requires quadriceps force to be 60% greater than 
for the previous range. As a consequence of no loss in 
muscle strength in the last 30 degrees to full extension 
no quadriceps lag resulted. Maximal strength loss occurred 
at 80° of knee flexion, and was one-third of the pre-cast 


value. The strength decrement represented a mean 1.0% 
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loss im strenstnrpen daydat 80° kneesilexion a 10 28% boss 
im istrenstiieper rday eat 30° knee flexion. Various authors 
(32,43, 56,59) ‘have reported an average loss in strength of 
1.3% to 5.0% per day. As a consequence, active progres- 
Sive resistance exercises could be started earlier and at 
a more advanced level than cases where electrical stimu- 
lation was not given. Effectively, time required for re- 
hand ltation was’ reduceda Full mormalk*ilower imb function 
was regained within twelve days post-cast. The author 
concluded that faradic muscle stimulation to the quadri- 
ceps concurrent with an isometric quadriceps contraction 
given during immobilization was a valuable mode of treat- 
ment to maintain muscle bulk or prevent muscle atrophy, 
negate the undesired effects of immobilization and permit 
rehabilitation to commence at a more advanced level, 
thereby reducing overall rehabilitation time. 

The effects of faradic muscle stimulation on skele- 
tal muscle fibre area were studied by Taylor et al. (57) 
in 1978. Results of the 1ll-subject heterogenous group, 
based on pre and post-training muscle biopsies of vastus 
lateralis demonstrated that faradic muscle stimulation did 
notvaffiect the fibre tarearor drstribution of fibres «ibut 
that slight improvements in muscle strength were noted. 

Wise (63) investigated the therapeutic uses of 
10:50:10 faradic stimulation for muscle strength gains, 
and the strengthening benefits of 10-second tetanic muscle 


stimulation. Wise initially attempted to duplicate the 
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results from Russian studies which reported that EMS gene- 
rated greater increases in strength than did voluntary iso- 
metricrtraining 2 Wath novexplanation, Wise stated’ that’ re- 
sults from the application of EMS to the lower limb of male 
intervarsity basketball players (N=12) showed no statisti- 
cally significant differences among the groups, with refe- 
rence to vertical jump measurements. The same technique 
applied one year later to the upper arms of intervarsity 
wrestlers (N=unknown) yielded Significant increases in 
muscle strength for subjects in the EMS group. Wise per- 
formed a third study using EMS with isometric exercise to 
the elbow flexors, and noted significant improvements in 
elbow flexor strength. The same author began an EMS proto- 
col for P-FC, post-surgical patients, and fracture patients 
(N=unknown). Wise noted increases in isometric muscle 
strength after twenty stimulation sessions, and implicated 
uses of EMS to be beneficial in late stages of immobiliza- 
tion following surgery, and for uncomplicated fractures. 
In-plaster muscle stimulation was associated with less 
atrophy than expected after immobilization and less joint 
stiffness. Wise found that post-operative, electrical 
stimulation reduced the incidence of P-FC or patellar ten- 
donitis, and promoted earlier strength gains of vastus 
medialis.y The “author concluded “thatthe 110: 50: l0faradic 
stimulation regime produced significant strength increases 
if the muscles were stimulated repeatedly to limits of 


maximal tolerance. However, these studies are unpublished 


= 


~snoy SNR tert tae fo bie 
-ogi yrattuloy bth ced eh 
~ox tedt beftais eciW: .10: an 
_aism to dail aswot ottt..ob eae eau 
~iteitete ‘os: bowode~ (S21). exayatg -Lieds oxen “% on ; 


ca 2 


Th: 28 ¥ 
Lo Bae e se 
ie _ ein ; 


* 
7c om 


wy 


tie 
ne 


-gtey At iw ,2quons edt ances Beans ys TEih temo’ 


supinfscet émae oat otros yee ut coms * isoitite od 
Ss 
ytieusvaetni ‘To \sorre Teqgweas of zetel zAey a0! 


~e 


> 


ci esasetent fmsoitingis boblety fewocuius=i ) a = 

. 
-18q. seiW quote UMA odd Biateeidue rot ttgasxte ois ‘ 
insyoxs otittamosi rtiw Ges tien vibud & pyr idd oe 
1b etrrom ayers irnssitinasa betoun Sas aoxs lt wedi , Bi 


ti oa tesed sodivue emee OAT .ddeneate soxele we 


ial 


etnoited sxuforit ts yarasiisg (go kgm. feng .0G-T aa 
s3fouwm oFs3 Hues £ rape eSee69'1 ott hevor ssiwW . (owertaienes 


fstacifom:i boas ,~ateierase noltaluitiva yonew? gets rites 
-asilidonumi tc asgets atei at ietekiened ed of GMa. i> Bo: 
ss ie 

.39%u7ostt bersotiqmoonw-rot bas .vyneguve satwoilots ait 


a 
Ti 
~ 


>{ dditw beta tocses sew notialonitse aloaum teotesiaq=aey 


or 


tuatot eesl bus noiteatiidemal aattsn betosaxe asd 
fpoitgioels .sviterveqo=Jeeqg fedT biol esiW . age 
é 7 be 
-a3t tsifeteq vo DS tegansbton ied? besvbet noligion 


; - oe 
aujesvy te antag ditgnetwe nteifiss Ssfomoiq bas ,ete ane 


oibs tet OF:02.0L ent tedt Pshefonss sodden ed? . .elhake 
sorseisi! dignonte tisol tingle beodbosg emigos notte Tamm 


to atimii ot uLhetsoget betelumite: e1sw eo fozun em 
heieiiduqiy sis aetbyite! eavdd) cigveWOH «eoreroley Ee 
: a fj #1 ; : 7 - 


36 


and used small groups of subjects. 

Fonnsorn? eimalige 230 nn 4.97 7<studaed stheyeffects, of 
the Russian faradism technique of 10:50:10, on the sympto- 
matic treatment of fifty cases of P-FC. The triangular 
waveform utilized in the initiation period progressed to 
the rectangular waveform. A comparison of isometric, iso- 
tonic, and isokinetic exercise for the strength restora- 
tion of the vastus medialis muscle was made. The results 
showed a 25.3% increase in quadriceps strength for patients 
with mild P-FC and an increase in quadriceps strength of 
200% for severe P-FC patients. An increase of 4.3% and 
6.8% in thigh girth was noted for mild and severe P-FC 
patients respectively. The authors concluded that faradic 
stimulation was a useful mode of treatment for P-FC and 
that the greatest benefit of faradism was that of combat- 
ing the lost voluntary control of the quadriceps. The con- 
cept being utilized is one of muscle re-education rather 
than strength improvement of available voluntary motor 
units. Furthermore, no comparative groups were utilized 
and the 200% strength gain for the severe group may be re- 
lated more to their initial low level of strength than to 
the form of treatment. 

In 1977; Kots (27) presented a symposia at Concordia 
University concerning the Russian technique of faradic 
muscle stimulation. Kots claimed that his Stimula I de- 
livered a current similar in effect to the Canadian fara- 


dic muscle stimulators, but did not have the same painful 
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skin sensory discomfort. Deviating slightly from his regu- 
lar 10:50:10 routine, Kots demonstrated reduced back pain, 
increased flexion and improved muscle tonus, after seven 
days vor itreatment poniha | chronieslowtback=problem.)Kots 
and his associates managed to eliminate or minimize the 
pain factor permitting heavier current intensities and in- 
ducing stronger muscle contractions. Details pertaining 
Lotthne Stimubaviacinrcuviryliare unavailable: 

One'ay Gardearl ler fuins!976; (Kots (25) “te vreported to 
have claimed to be able to increase the strength of a 
muscle by 40% after only twenty EMS treatments. Kots did 
not specify the voltage but it was stated (9,22). that the 
frequency used by Kots was 2500 cps. Utilizing his 
10:50:10 routine, Kots stated that the voluntary exercise 
induced by the treatment routine recruited 100% of the 
muscle fibres, and consequently increased the strength 
and the density of the muscle without increasing the dia- 
meter of the muscle, nor inducing fatigue. Kots stated 
that an individual could’ voluntarily only call 80% to 90% 
of the muscle fibres into action. In addition to demon- 
strating strength increments in electrically stimulated 
muscle, an increase in the velocity of a muscle contrac- 
tion was also demonstrated. 

Realizing: that failure of the proper function of the 
vastus medialis seriously impairs the whole of the exten- 
sor mechanism of the knee and that after knee joint trauma 


quadriceps muscle strength is difficult to attain, 
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Williams and Street (61) investigated the use of sequential 
faradism towards alleviation of the negative effects of in- 
jury to the knee joint. Patients who had undergone surgery 
for various knee pathologies were treated with EMS concur- 
rent with standard isometric quadriceps exercises to the 
vastus medialis. After fourteen daily stimulation ses- 
Sions, the authors concluded that sequential faradic stimu- 
lation of the vastus medialis, and quadriceps muscle group 
in general, was a useful addition to the conventional tech- 
niques of knee joint rehabilitation. 

In an unpublished article, Kots (25,26). reported on 
the training of muscular power by electrical stimulation, 
and attempted to establish an electrostimulation routine. 
stimulation of the biceps of one arm and calf muscle group 
of both legs of sumo-wrestlers, produced results’ which 
indicated that 1.0 msec square wave impulses at 50 cps 
developed the highest possible tetanic contraction in the 
stimulated muscle. An investigation of the duration of 
irritation showed that the training effect of the electri- 
cal stimulation was related to the contraction of the 
muscle, induced by EMS. This result lead to the formation 
of an EMS routine whereby the quality of the tension of 
the muscle was to be unchallenged during the action of the 
electrical current. The average occurred within 12.5 
seconds after the beginning of the electrical stimulation. 
Results of EMS training on the sumo-wrestlers showed an 


average increase in arbitrary muscle power of 38.4% and 
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50% for the biceps and calf muscles respectively, after 
nineteen sessions of EMS. Kots concluded that total stimu- 
lation of 100 seconds per treatment given daily or every 
second day using the 10:50:10 routine, resulted in a con- 
Siderable increase in muscle power, and was due to a work- 
ing hypertrophy of the muscle fibres being trained. 

Eriksson (11) studied the effects of electrical 
muscle stimulation on cases of fifty casted post-operative 
Eriees. “Eriksson stated that’ at was/lof- importance: to%return 
an athlete to their sport as soon as possible. To pre- 
vent quadriceps atrophy during immobilization, he advo- 
cated the use of a cast brace. Through muscle biopsy he 
found the slow-twitch or oxidative fibres atrophied the 
most’ in “the “imnyured athletes. Also noted with muscle 
atropny ‘was a drop in ‘the Fevelvwot SDM, “ut not ain™the 
level of phosphofructokinase, which implied a decrement 
in the oxidative potential of the quadriceps. 

When Eriksson compared the physiological effects of 
an injured athlete wearing a standard cast and performing 
voluntary isometric exercises to an injured athlete wear- 
ing a standard cast and receiving transcutaneous nerve 
stimulation of the quadriceps, a noted drop in the level 
of SDH was prevented with the stimulation. Eriksson con- 
cluded that the best treatment of choice would be electri- 
cal stimulation with cast-bracing. 

Hamilton (20) in 1975 compared the effects of iso- 


metric, isotonic and EMS training programs on upper limb 


rat Te- ahavids 
-umisa fats saat 
ypove te yLish covig. i 


a Rin iene x cm 
feeise agi is 


“Oo & fit bet ivees mi: 
-tiow’s of Shh Baw Sie + | 
boniaek waried vag ait We we ik: . 
Isoiiteaie to atfosatts ‘9 Ad’ ho ibuts Arh) 

: 

avisausqao-—3a0q batany yrtTs Se tieese ‘ac ste Santo 
mrutet ot sotsiueqget Id, Baw Ib feiid Betatea rictasiaeee 


-erg oT .gldfiavo {oem ubep ee Piage alede oF stele 


“a 


via aa ,réoiteeciiicaam: giieoh yagews qo MiBeup”s 


boot’ aivaquan Mayon .ssesdy tego se Te gaa ert’ site 
pil.” 
eloapat itew beten oeSh ~seotolitp Benita! off ae 


n 


odd ni tem gud, REGS to, Towel emf aigerb S-cew ¥% 


.- eo Se 
24f be ltees«ts aeudit evivabixe so detiwi-wole ent Bee 


; ' ays 
tonemprceb s Pailqat toidw , deantdbpzorraonqeordq Fo tev aL 


.aqepithavo eat te Deus dog svitanxe! Salle nt 

otts isoimoioinyi? ohk Daredmoo moestixd stWe 
ariamctyse bea tersh ftebnete a gciidew steldits’ bowed. + 
sow gtoldida Boutiet ae 6) eeekotexs oktteaces ee aie 
tea 1a guoanemrosaard aivinces brie. T2899 Stkbne del 
foveal eat of aoxb Sbefoa-s peaeseteseup ont To nodal va. 
109 Hoastind .wolvelumite sd Atiw betnoverq-eaw Hig 
-ittosis ad bilucw saiede to #nemtssxt teed sris Jer? bebi 
+tiisadd-faso atiw acitel 
-vgl Yo elogtts od? bemaqmon CYL mt (OS) nos 


Sait isaqi mo amssgorqigaitiont) GM fae otnotoa 
alt doaqe so: ans toot een, / Sat b 


; 
A. Oe : 


LO 


muscle strength and muscle hypertrophy using one RM cable 
tensiometer tests, and fat-corrected arm girth measure- 
ments. Pre and post-test measurements of both arms of 
male volunteers randomly assigned to the training groups 
Showed significant differences for measures of one RM and 
non-dominant cable tensiometer and fat-corrected arm girth 
for the isometric group. The EMS group showed significant 
increments for fat-corrected arm girth, one RM test, and 
cable tensiometer tests. The isotonic exercise group 
showed no significant change. A comparison between re- 
sults of the EMS group and the isometric exercise group 
revealed no significant difference for one RM and non- 
dominant cable tensiometer measures. Hamilton concluded 
that EMS produced significantly greater ee in iso- 
metric strength, isotonic strength and muscle hypertrophy 
than either the isometric or isotonic training programs. 
However, the data remains unpublished. 

Massey et al. (39), 1965, investigated the benefits 
of high frequency EMS for improving muscular efficiency. 
Nine weeks of training forty-seven normal healthy marines 
divided into four groups occurred. Group A trained with 
EMS; group B trained using progressive weight-training; 
group Gatrainedlusing Lseometric;exercises; and group D 
was involved in light recreational activity. Results 
indicated that the group training with progressive weight- 
training showed the greatest increases in mean develop- 


mental strength. The static exercise. group, the EMS 
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group, and recreational activity followed respectively. 
The order also proved to be the same for the amount of 
time spent on training for each group. Even so, the 
authors concluded that using EMS to strengthen muscle 
wasvmonenelfecta ves than’ light recreational activity y! but 
was no more effective, if as effective, as progressive 
weight-training or static exercises. 

Millard (40) in 1952 studied the effects of faradic 
muscle stimulation on facilitation of the disappearance 
of a post-traumatic knee effusion (N=171). He compared 
patients receiving voluntary exercise and EMS during re- 
habilitation.leintensatyeofethe fanadie stimulation: was 
only strong enough to minimally raise the patient's heel 
off of the plinth. Results showed no significant dif- 
ference in increments of muscle power between the groups. 
Less atrophy was noted with the EMS group. No difference 
in average treatment time to discharge between groups was 
noted, nor did the time necessary for a knee effusion to 
disappear alter between the groups. Millard concluded 
that faradic stimulation of the quadriceps was of no real 
value in aiding the recovery of either muscle power or 
bulk, and that faradic stimulation did not accelerate the 


disappearance of a knee effusion. 


Tsometric and Isokinetic Exercise 
Rozier et al. (52) studied the effects of daily iso- 


metric exercise in the prevention of strength loss of the 


Yo tuned “one ae oe 
ane oe Mer a re ; 


ar 7 


Laat ay ~ 2 Pa: . 
Fatt ren es" ‘pelea aN 


ai ta TORE. eS = ae 


3 Coepa: Hiscdsix ute ony 


simexg2 ac phe tis aid beibataceien ne. (oun 


ee 


siemens wt a eee igo iced 
nov-daiqda ae > CTR Pai) (6 Laut tase nb tenes Se 
’ . + 7 . i at a - 
_4~ ifiaéb BEL iets én ivasxs peice, Sapreees 


ey acide tumtie ofbers Y att fee wstedhents 


¢ item tdi os tgwesece 


Xo" 
f 
9 
0) 
a 


SEr0 “351 kts rutis Son Leora adibuass “5 HA ELSE 
equ and aso oc) t Syiory coated te: ergangiorns ~i2 
+48; . 
~srave?S tb of .qaote een ew baton dew ~dgotys: ; ann 
agawiga ad%btbets Gar anit Unpedissae oESTe 40 
' sy gpg te % Yistsogsn SULT  SHe heh — (= 
bebufonen bya hiit .eqieep end weeyted tet Ls : 
feo~ on Yocdsw BqesorPsep gn So cette lose ahha 
tc yewod =foeumciotthte Fo; wiayerss omy gn Bite wh it 
od den bab rote lqners: BHAA nants bee 

eights Sac e i son, ’ 


\‘ 
G 
i) 
oH, 
en 
“ 

) 

& 
UW 
me: 


. ome 
y i S27 Sil Ae 
Bas f, pend RE As + ella 


-cai-¢fieb Ye etsstie malin efi te. 
ait ‘to aaot ahichad dite 


* o> 


2 


quadriceps during long-cylinder immobilization, for nine 
days. Measurements taken before and after immobilization 
included girth measurements and isometric strength at 90° 
knee flexion. The test group performed daily isometric 
quadriceps exercise of five repetitions, and 6-second iso- 
metric contraction followed by a 6-second rest. Their 
results and conclusion stated were that isometric quadri- 
ceps exercises performed while the limb was casted did 
prevent significant strength loss. 

Komi -et ‘al.+(30) \in-1978 reported that after 12 weeks 
of maximal isometric knee extension exercises, performed 
at ole knee flexion, given four times each week, a signi- 
ficant increase in muscle strength (20%) occurred in the 
trained leg and an 11% increment occurred in the untrained 
leg. An increase in enzyme levels of malic dehydrogenase, 
SDH and hexokinase as calculated from post-test muscle 
biopsies occurred, but lower levels of lactate dehydro- 
genase and creatine kinase were noted. In addition to in- 
crements of levels of malic dehydrogenase and SDH, the en- 
hancement of aerobic metabolism in the exercise leg was 
substantiated by a 29% increase in endurance time when 
measured at 60% of the pre-training maximal force. 

Murray et al. (46) in 1977 documented ranges of nor- 
mal variability, in. torque of) the) knee. flexor: and extensor 
muscles during maximum isometric contractions at joint 
angles of -30°, -45°, anda =60° knee extension. “Results 


showed that mean extensor muscle torque was higher than 


<ol¢egi Lodomms cot tS 
; E opted anata 
isk IW BASS A Fane aS .1 y 
sa a 
rt - TOL 25 ; i § s OTS: 
.. ~~ 1 a L y rr ¥ es Lani fs 
eT ae pein 
= Naat : 
' 4 ‘ 2 tite ial pene 
j ‘ ry 
an est | 
5 , om a .¢ 1p Se 3 0y Sey sama: vie auton 
> i Pe ~ * - 
_ 
; iw Sacre vreag. a 
= ' 
peel yeenetrs J oi tiny st 4 
A 3 . 
“ a ‘ay, Ws fr 
5.74 ari? in fey ao ero . ‘ NAY . ’ pee t 
7 sGas 
ee: 
% a ee 
7 r ins 8 
‘ - “. 
> AT ane 3 f ivi Le Soh 
Pe ae: m4 La [ ifs OCS 
. wwe L Be ‘Lt sqas 
j : t Eye ES SEL uP 
i a» & ad “ 
. rawt He erus 
iL os . = ave ‘ ‘ VeiiSS 
svc ww eRe anitees? 
oor hyip Of oe 7K Seval. 2 
cat 
nx? metioegelsa® o1GS%9s 
‘ ; pee ame ; w se) J Ww we 
* forbes winiest-oew way> To ROS 
: 73% 
 £ * 44 : 
uvexs patpemseh Teh et (G0) = is) ts 
; ras 
: . 
‘ f i. g * 
Hits ‘2? sont etd Fa oup fugals mi yre 
5 
ahd en: i 4 BAT eG “> S46 het. — 
Piges) »toLanmst 
as a oe Sl Fa 
7 é i. 4 ¢ y S? 
i” - "> -, 
) - 
~ 


43 


mean flexor muscles torque at all angles. The highest mean 
worque, for ithesquadriceps, occurred! at -~60° knee extension, 
and was 45° knee flexion for the hamstring muscles. Test 
and re=-tTest were pcompleted. one week apart. Mean torque 
values were higher on the re-test for both muscle groups, 
but were only statistically significant for the quadriceps 
at -60° knee extension. The authors stated that two trials 
were necessary in determination of maximal strength due to 
discrepancies in successive attempts which should allow a 
90-second rest interval between contractions. The concept 
of the subjects learning to perform the test manoever was 
not cited as a possible reason for the results. 

Schenck and Forward (53) investigated the possibility 
of ere isometric contractions remaining the same over 
repeated trials or whether a meaningful change was noted. 
Subjects were tested at -60° knee extension on a weekly 
basis for a duration of six weeks. Results indicated a 
Significant increase in scores up to the third test, after 
which a levelling off to non-significant differences oc- 
curred. The authors concluded that the subject should be 
familiar with the testing procedure so that a quantitative 
levelling of the behavior tested would be reached before 
the experiment had begun, or to institute a control group. 
The strongest correlation existed when the testing pro- 
cedure duplicated the training procedure. 

Zohn et al. (64) studied the rapidity of recovery 


from knee injuries by a comparison of isotonic and 
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isometric exercise. The treatment duration, muscular 
strength increments, cross-education and muscle hyper- 
trophy were noted. The subjects trained daily, five days 
each week. Subjects performing isotonic exercise required 
25% more treatments than subjects who performed isometric 
exercise i(p=.05)% “The authors®concluded that an isometric 
routine permitted more rapid rehabilitation than the iso- 
tonie routine’ 

Johnson and Siegel (24) investigated the reliabi- 
lities that might be expected over a number of trials and 
days for isokinetic movement of the knee extensors. Sub- 
jects exerted a maximal force from a0) os to O° knee exten- 
Sion. Six trials with a 20-second rest interval between 
trials, were completed daily for three consecutive days. 
From an analysis of the results, the authors concluded 
that a protocol which provided for three submaximal trials 
followed by three maximal warm-up efforts was essential 
before stable measures were manifested in measurement of 
isokinetic force of the knee extensors. 

Osternig et al. (47) in 1977 examined the relation- 
ship between maximal isometric forces generated at speci- 
fied angles and isokinetic torque forces. Results indi- 
cated slight tendencies for the significant correlations 
to cluster around the slower speeds and towards the 
greater angles of elbow flexion. The authors concluded 
that measures of maximal isokinetic strength cannot be used 


to predict the isometric strength capabilities even at the 
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same angle within the range of joint movement. 
Thorstensson et al. (58) designed a study to charac- 
terize isokinetic contractions and examine force-velocity 
relations in the knee extensors of humans, and also to de- 
termine the correlation of fibre composition of the con- 
tracting muscle with the dynamic muscle force at different 
shortening velocities. Results showed that at any given 
knee angle torque produced was higher for isometric than 
for dynamic contractions and with increases in angular 
velocities the torque produced decreased. The decrease 
in torque was less marked at the small angles. The study 
showed that true isokinetic contractions and torque re- 
gistered a high reliability when using the Cybex II. Cor- 
relations were produced between the peak torque produced 
at the highest speed of muscle shortening, and the rela- 
tive area of fast twitch fibres in the contracting muscle. 
Muscles with a high percentage of fast twitch fibres had 
the highest maximal contraction speeds. Dynamic torque 
decreased gradually with an increased speed of shortening. 
Tipton et al. (59) studied.the effects on non-trained 
rateio® thirtypminutescof urunning onetheajumc tion ustrength 
and weight of the medial collateral ligament. Finding no 
difference they immobilized one hind leg in plaster for six 
weeks. Results indicated that the junction strength of the 
medial collateral ligament of the casted leg was lower than 
that of the uncasted leg. They concluded that during im- 


mobilization, junction strength of the medial collateral 
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ligament decreased. 

Rosentswieg and Hinson (51) in 1972 examined dif- 
ferences among isokinetic, isotonic and isometric contrac- 
MEONS cL! SbemmnocwOnne) eclrica kl vaclivrtyueblicited iby veach 
type of exercise. Results showed that isokinetic contrac- 
tions elicited significantly greater electrical activity 
them ccrthen aisotonicisor isometric contractions. No signi- 
ficant differences were found among the muscle action poten- 
tial at various angles of elbow flexion during the iso- 

Mme Unue On SokIned ic con bract. ons. 

Through an investigation of previous studies, Muller 
(43) stated that the rate of strength increments with maxi- 
mal. exercise is approximately 12% mer day;) but that in the 
absence of any muscle contraction, a loss of strength oc- 
curred at 5% per day. One muscle contraction daily at 50% 
of maximum was enough to prevent a decrement. The func- 
tional capacity of a muscle increases with use and de- 
creases with lack of use. Muscular atrophy was reported 
to begin within several days of muscle inactivity. 

Muller concluded from studies involving isometric 
training that the rate of strength increments was accele- 
rabedybyra Longerndurati on ofttontractions time and? that 
daily maximal contractions maintained a prolonged stimulus 
near maximal levels. Thus the most rapid increases in 
muscular strength would be guaranteed. During immobiliza- 
tionimuschesioses strength ati the) rate vof 99% 3707073.07 per 


day, but if the immobilized muscle performs daily isometric 
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contractions, then the rate of atrophy is reduced. One 
contraction per day at 10% to 20% of the maximal strength 
prevented atrophy. Muller stated that maximal strength 
was regulated by the intensity of frequent muscle contrac- 
Prone, viat Suronger CONtractiOns act as a stimulus to an- 
crease strength, and that reduced effort lowers the stimu- 
lus to maintain strength. 

Kottke (32) discussed the effects of limiting physi- 
cal activity on muscles. Muscle strength was maintained 
by frequent contractions which produce tension. The sti- 
mulus to increase muscular strength was the maximal ten- 
Sion or maximal rate of metabolic activity produced during 
amiscie contraction. A: muscle contraction which produced 
maximal tension was more effective to increase strength 
than many contractions at a lesser tension. Isometric 
contractions of 6 to 10 seconds duration at maximal ten- 
Sion, exerted several times daily, produced a strength 
increment of 10% per week. As tension during each con- 
traction fell from 100% to 30% of maximum, the stimulus to 
increase strength progressively decreased. A daily iso- 
metric contraction at a tension of 20% to 30% of maximum 
was enough to maintain strength. If no muscle tension was 
exerted daily, strength was lost at a rate of 3% per day. 

Reduced endurance time, increased adhesion formation, 
and reduced neuromuscular activity were all related to the 
level of muscular activity and strength development. 


In 1947, Smart (56) made the conclusive remark, 
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hee 2 Ouricets o7-b Sb! (ai.d INebuUrelto acc omplash 
reparr during and after inftlammation of joint 
structures! this! Emportant feature nas. noti re-= 
ceived the general attention it deserves, : 
I do not deny that the importance of the res- 
toration of muscle function after muscle in- 

jury is now much more fully realized than it 

was formerly.” 

Theoush arouse: muscle atonicei ty and atrophy ‘occur. 

If muscle tone is first restored by electrical stimula- 
tion, then growth of muscle fibres at a greater rate and 
efficiency occurs than with exercises alone. 

During the early stage of rehabilitation, electrical 
muscle stimulation was a good aid to natural repair of 
muscle tonus and strength. Healthy muscle was capable of 
protecting a joint, but atonic muscle was incapable of 
Ppa. ape decOnLractLon, and thus. a jolt would be 
limited Sim action, .and mutrititeon of-fother tstructires 
interfered with due to a decrease in circulation resulting 
from the loss of the muscle pumping action. 

Nuselevact1on aids circulation, local and general 
metabolism, and clearance of waste products. Blood supply 
Lowa Muscle tin action 1S eight times greater than. that of 
a muscle at rest (56). Muscle action reduces pain by pre- 
venting harmful effects of prolonged interference with 
circulation. Pressure effects cause excessive intercel- 
lular tension, slowing of intracellular movements, pres- 
sure on and stretching of tissues, and pressure on nerve 


endings which further slows local circulation and in- 


creases pain. 
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Repair of damaged tissues, prevention of blood and 
lymph stagnation may be achieved by treatment designed to 
produce, muscul ar; comtinactions and melaxatiionss Smart..(.56) 
stated that muscle function whether naturally or electri- 
cally produced acts as a powerful stimulus in preventing 
stagnation of fluids. Lack of physical muscle movement: 

a) causes loss of function, contractures in 

muscle, adhesions in joint capsule and 
ligaments, a decreased range of motion 
due to coagulation of exudate, and in- 
creased pain. 

6) affects the stretch reflex in atrophic 

muscle, causes a reflex inhibition, and 
reduces=protection) of joint structures. 

c) upsets synergistic movement and in- 

fluences the balance of precision movements 
of wasted muscles attempting to work. 

d) upsets the balance of muscle contraction 

and relaxation which facilitates, reciprocal 
eG On 

smart further stated that stimulative muscle action 
is the greatest aid to the natural repair of joint tissues 


via voluntarily produced muscle action, and the correct 


application of the proper type of electrical current. 


In the past, EMS research has involved combinations 
of healthy, injured, or traumatized muscle, casted or un- 
casted limbs, low, medium or high frequency stimulators, 
different electrode plate placements, and varying current 
waveforms. Lack of detailed information concerning the 
procedure of some studies exists. Consequently, compari- 


sons between previous studies and definitive conclusions 
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use of EMS to increase muscular strength 


investigate and establish EMS techniques 


imperative if optimal benefits from the 


rehab litati on-are to tbebréalized. 
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CHAPTER IIT 


METHODOLOGY AND PROCEDURE 


Methodology 


Twenty-one male student volunteers ranging in age 
from 18 to 35 years participated in the study. All volun- 
teers were informed as to the format, training programs, 
safety, and duration of the study. None of the subjects 
had a recent history of significant lower limb pathology. 

The Cybex II Isokinetic Exercise Unit was utilized 
Lo erecordnthe eisometric /strengtw of the imight) quadriceps 
at 60° of knee flexion. The scores were ranked highest 
to lowest. A stratified random design was used to place 
thecsubjects iin 'groupss Prom the top. four scores, !asub- 
ject was randomly placed into one of the four groups. 

The procedure was repeated until all subjects were placed 
in a group. 

All subjects were required to sign the informed con- 
sent form (Appendix A) prior to the start of the study. 

The total treatment routine for each group required 
a period of six weeks, exclusive of the pre-treatment and 
post-treatment measurements. During the six-week train- 
ing period, subjects were requested to limit participa- 
tion»in. physical tactivity which «deviated from their 
stated norm. Weekly, each subject was requested to com- 
plete an activity record sheet (Appendix B). 


For all groups, the right quadriceps was tested and 
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Sreaued..aGcoOuD er. une CONLrol groups partilei pated only in 
the pre-treatment and post-treatment measurement sessions. 
Group II completed an isometric exercise routine. Group 
III completed a routine of monopolar electrical muscle 
stimulation to the vastus medialis muscle, concurrent with 
a maximalomsometric quadriceps contraction. Group IV com- 
pleted a routine of bipolar electrical muscle stimulation 
to the vastus medialis muscle, concurrent with a maximal 
isometric quadriceps contraction. 

Electrical muscle stimulation was administered using 
the Seimens Neuroton 627 (Figure 1). This unit was 
selected because it is capable of producing the high in- 
tensity, prolonged tetanic contractions necessary for the 
electrical muscle stimulation techniques investigated. 
Individual pulse time may be manually selected up to a 
maximum of 2.0 msec. 

Pulse forms for the faradic current may be square or 
triangular. The square waveform was selected to prevent 
accommodation, and to provide a fast rise-time output. 

The pulse frequency was 65 cps and the maximum current 
output was 60 milliamperes (mA). Maximum voltage was 110 
volteaGe. 

The post-treatment measurement technique duplicated 
the pre-treatment measurement technique. Testing utilized 
the Cybex II Isokinetic Exercise Unit and Dual Channel 
System (Lumex Incorporated, New York) (Figure 2). The 


machine was calibrated prior to each testing session. The 
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Figure 1 
Neuroton 627 


Figure 2 
Cybex II Recorder 
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Cybex II has a built-in electrogoniometer, a Digital Work 
Integrator, and a dual-channel instrumentation system de- 
Signed to measure and record dynamic strength, power and 
endurance, simultaneously with range of motion. The ad- 
vanced Dual-Channel Recorder precisely displays specific 
torque development parallel to joint angle. 

The pre-treatment and post-treatment measurements 
(Appendix C), on the right lower extremity for the sub- 
jects in all groups consisted of the following: 

a) Girth Measurements 

With the leg relaxed, in extension, and the heel 
resting on towels to clear the thigh from the table, the 
following girth measurements were taken (Figure 3): 

1. A circumferential girth measurement in centi- 

metres (cm) was taken at the mid-belly of 

vastus medialis, located as 77.5% of the dis- 

tance from the anterior superior iliac spine 

to the medial joint line of the right lower 

extremity (21) (Figure 4). 

2. A circumferential girth measurement (cm) was 

taken at mid-quadriceps, located as 50% of 

the distance fromthe anterior superior iliac 

spine to the medial joint line of the right 

lower extremity (21). 
The two girth measurements at different locations on the 
thigh were recorded in an attempt to identify where spe- 
cific changes due to various methods of training occurred. 
At 77.5% of the distance from the anterior superior iliac 
spine to the medial joint line, the vastus medialis muscle 


was measured in "isolation", since the remaining quadri- 


ceps and hamstring muscles are predominantly tendinous at 
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Figure 3 
Medial Joint Line and Girth Measurement Locations 


Figure 4 
Girth Measurement at 775 
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tie 77.58 Devel. AtC50.0% of the distance from the an- 
terior superior wisac spine to the medial joint Dine, a 
general measurement of the quadriceps muscles was re- 
corded), 
b) Isokinetic Measurements 

Subjects were seated on the padded testing table 
with the knee joint centre of the right lower extremity 
aAbiened with thes rotatcronal axissoft the Cybex 21 input 
shaft. The hip was positioned in neutral abduction/adduc- 
tion. Attached to the radial arm of the Cybex II was a 
leg pad, which was comfortably strapped proximal to the 
ankle on the anterior aspect of the lower leg, and per- 
mitted normal dorsiflexion at the ankle joint. Stabiliza- 
tion to prevent hip and trunk motion was achieved by means 
of the use of a backrest (75> hip flexion) and a shoulder 
harness which was securely fastened to the testing table. 
A padded strap attached securely to the testing table was 
placed across the distal one-third of the right anterior 
thigh, which ensured stabilization (Figure 5). Verbal 
instructions included commands to begin and to terminate 
the contraction, as well as commands of encouragement dur- 
ing the effort. The subject continued to perform a maxi- 
Hale voluntary contraction until instructed. to; stop. » A 
maximum of three practice trials was permitted prior to 
each test. 

1. Dynamic strength was measured by having the sub- 


ject conkract ghroughout an active range of motion 
from -90 to O© knee extension. A maximum 
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rotational test velocity of 30°/second (°/sec) 
and a chart paper speed of 5 millimetres/second 
(mm/sec) were used. The subjects performed 
three consecutive maximal effort contractions 
in bothedirectuons (of dextensiom and sflexion: 


Instantaneous power was measured by having the 
subject contract throughout an active range of 
motion from -90 to O knee extension. A fast 
Maximal rotational test velocity of 180-/sec 
and a chart paper speed of 5 mm/sec was used, 
as reported by Lumex Incorporated. A verbal 
explanation that this test differed from the 
dynamic strength test was given. The explana- 
tion clarified that the subject was to perform 
"explosive", powerful reciprocal contractions 
and that he would feel less resistive loading 
than during the dynamic strength test since © 
the musculature was developing less force out- 
Putlatrthis aster comtractile velocity: The 
subject performed three consecutive maximal 
effort contractions in both directions of ex- 
tension and flexion. 


Endurance was measured by having the subject 
contract throughout an active range of motion 
from -90° to O knee extension and continued 
repetitions until peak torque reached 50% of 
the initial maximal value for the quadriceps. 
A fast maximal rotational test velocity of 
180-/sec and a chart paper speed of 5mm/sec 
were used. The subject was asked to concen- 
trate on performing "explosive", powerful re- 
ciprocail contractiions , sand: infiormed: that ne 
would feel less resistive loading than the 
dynamic strength test because the musculature 
was developing less force output at this 
faster contractile velocity. 


Isometric strength was measured at Liki s rier! 
-45~ and -60 knee extension. Zero rotational 
test velocity, and a chart paper speed of 
Smm/sec were used. The subject was required to 
exert maximum effort until a consistent peak on 
the graph was attained. Two isometric con- 
tractions at each joint angle tested were given. 
A 90-second rest interval between contractions 
was permitted. 
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Procedure 

Treatment sessions were conducted by the investiga- 
tor, and all verbal commands during the treatment ses- 
sions were consistent from subject to subject. Treatment 
Seesipncaror cach Subject in seroups IL elit and LV were 
conducted daily, five days each week, for a duration of 


six weeks. 


Treatment ~eosaition tor Groups |fiR- irl and iV 
The position of the subject receiving treatment was 
Standard. wor Lrouvowmin , bt lo andehy:. 


1. The subject lay supime fon a plinth, and was. per- 
Nitped 10 srasp “the sides, of stheyplinth. <A re- 
straining strap was placed across the pelvis at 
the level of the anterior superior iliac spines 
(i eure tO}. 


2. The right knee ‘was flexed oyer a Standard knee 
Doar, sand Marnraineasat oto GOO. ot einee filex-— 
Done 1 eure,.7) 


3. Extension of the right knee was isometrically 
restrained by a canvas strap placed across a 
Pod proximal to thesankle joint, and full 
dorsiflexion at the ankle was allowed (Figure 8). 


Treatment Routine for Electrical Muscle Stimulation Con- 
current with Isometric Quadriceps Exercise 
The square waveform for the electrical muscle stimu- 
lation current was selected. Maximal current intensity 
was 60 mA, and the duration of the pulse was 2.0 msec. 
1. The subject assumed the treatment position. 
2. The active electrode plate and sponge pad 
moistened in tap water, were positioned as des- 
cribed. The electrode plate and sponge pad were 


securely fastened in place with an elastic wrap 
which ensured total electrode surface area contact. 
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Figure 6 
Treatment Position for Experimental Groups 


Figure 7 
Standard Knee Board 
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Figure 8 
Leg Position over Standard Knee 
Board for Experimental Groups 
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. The dispersive electrode plate and the sponge pad 


prepared as described in 2, were placed in posi- 
CLON.« 


The maximum current intensity, concurrent with a 
maximal isometric quadriceps contraction, able to 
be tolerated by the subject was determined. 


. Concurrent with the current being switched on, the 


subject was instructed to maximally contract the 
quadriceps isometrically, full dorsiflexion at the 
ankle joint. The combination of electrical stimu- 
lation and maximal isometric quadriceps contrac- 
tion was maintained for a duration of 10 seconds. 
The subject was permitted to hold his breath, or 
to breathe normally, as determined by personal 
preference. 


. With a goniometer appropriately positioned on the 


right lower extremity, the knee angle was measured 
Prior tO tne completion of the faretretfort. 


. A 50-second rest period followed. 


The procedure was repeated until ten contractions 
had been performed. 


The mA intensity was recorded for the first and 
tenth contractions, for each training session 
(Appendix D). The intensity was adjusted during 
each treatment according to personal tolerance as 
indicated by the subject. 


Group II - Isometric Quadriceps Exercise 


us 


Be 


The subject assumed the treatment position. 


The subject was instructed to extend the lower 
limb with maximum effort and to maintain the in- 
tensity of effort for a duration of 10 seconds. 
The ankle was fully dorsiflexed. The subject was 
permitted to hold his breath or to breathe nor- 
mally, determined by personal preference. 


. With a goniometer appropriately positioned on the 


right lower extremity, the knee angle was measured 
prior to the completion of the first effort. 


. A 50-second rest period followed. 


The procedure was repeated until ten contractions 
had been performed. 
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Group III - Monopolar Electrical Muscle Stimulation 
Concurrent with Isometric Quadriceps Exercise 


1. The subject assumed the treatment position. 


2a. The treatment routine for electrical muscle stimu- 
lation concurrent with isometric quadriceps exer- 
cise was conducted. 


3. The active electrode plate (6 cm x 8 cm) and 
sponge pad (7 cm x 9 cm) were placed over the 
motor point. (54). of sthe vastus, medialis, and 
securely Lastened in*position with an elastic 
Wrap (Figures 9 and 10)’. 


4. The dispersive electrode plate (8.5 cm x 11.5 cm) 
and sponge pad (9.5 cm x 12.5 cm) were placed over 
the femoral nerve in the femoral triangle, and 
securely fastened in position with an elastic wrap 
(Figures 9 and 10). 


Group IV - Bipolar Electrical Muscle Stimulation Concur- 
rent with Isometric Quadriceps Exercise 

1. The subject assumed the treatment position. 

2. The treatment routine for electrical muscle stimu- 
lation concurrent with isometric quadriceps exer- 
cise was conducted. 

3. The active electrode plate (6 cm x 8 cm) and 
sponge pad (7 cm x 9 cm) were placed over the 
distal aspect of vastus medialis, and securely 
fastened in position with an elastic wrap 
be ress lh oand~ L2.)m 

4, The dispersive electrode plate (6 cm x 8 cm) and 
sponge pad (7 cm x 9 cm) were placed over the 
proximal aspect of vastus medialis, and securely 
fastened (Figures 11 and 12) 

All subjects were asked to verbally indicate to the 
investigator when they were capable of withstanding a 
greater intensity of current, and also when the new maxi- 
mal level of tolerance had been reached. Levels of cur- 


rent intensity were subjectively determined, but remained 


maximal for the individual. The concept of ‘maximal’ 
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Figure 9 


Figure 10 


Placement Secured by Elastic Wraps 
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Electrode Placement Secured by Elast 
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otatistical Analysis 


The statistical analysis used was a two-factor 
(treatment by occasion) multivariate analysis of variance 
(MANOVA) with the occasion factor being treated as the 
repeated measure 6B )i. 

The main treatment effects were calculated for the 
girth measurements and the isokinetic measurements (vari- 
ables 1 to 5 as described in Appendix E), taken simulta- 
neously. The main treatment effects were calculated on 
the isometric measurements (variables 6 to 9 as described 
in Appendix E), taken simultaneously. The post-hoc Helmert 
contrasts (group n versus the average of the remaining n-1l 
groups) were eed areaeen variables 1 to 5 taken simul- 
taneously, and variables 6 to 9 taken simultaneously. 

The orthogonal Helmert contrasts were followed by the non- 
orthogonal pair-wise contrasts calculated on all possible 

pairs of groups for variables 1 to 5 taken simultaneously, 
and variables 6 to 9 taken simultaneously. Following cal- 
culation of ee main treatment effects, the main occasion 

effects were calculated for variables 1 to 5 taken simul- 

taneously, and variables 6 to 9 taken simultaneously. 

The main treatment effects were calculated on the two 
girth measurements, three isokinetic measurements, and 
four isometric measurements (nine variables), taken indi- 


vidually. The post-hoc Helmert contrasts and pair-wise 
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contrasts were calculated on all variables, taken indivi- 
dually. Following calculation of the main treatment ef- 
fects on individual variables, the main occasion effects 
were calculated for all variables, taken individually. 

The interaction effects were calculated for variables 
Ito 5 taken simultaneously, and’ variables 6 to 9 taken 
Simultaneously. The interaction effects for all groups 
taken simultaneously, and all possible pairs of groups 
were reported. Where significance was observed, the 
interaction effects were calculated on individual vari- 
ablesvaiThe “imteractioncefifects«for all groups taken 
Simultaneously were reported. Where significance was ob- 
served, the interaction effects for all possible pairs of 
groups were reported. 

Throughout the statistical analysis, the .05 level 
of significance was used. Probabilities of .052ps.01 
were reported as they occurred. All other probabilities 
were reported as either p>.05 or p<.0l. Raos approximate 
F-test using Wilks Lambda was used to calculate the F- 
ratio. Where necessary, critical values of F were inter- 


polated. 
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CHAPTER IV 


RESULTS AND DISCUSSION 


Results 
The following terminology (Appendix E) was used 


throughout the results and discussion: 


variable 1 Piuntieat Ww /moee ccm 

variable 2 girth at 50.0% (cm) 

variable 3 dynamic strength (ft lbs) 
variable 4 muscular power (ft lbs) 

variable 5 : muscular endurance (sec) 
variable 6 isometric strength eis Grr bs) 
variable 7 isometric strength ~30° (ft lbs) 
variable 8 isometric strength aa ee Cit cbse) 
Variable 9 : A eee strength -60° (ft lbs) 


ThHeestatistical analyses of the data collected for 
twenty-one male volunteers (ranging from 18 to 35 years, 
mean age of 23.8 years) may be found in Appendices F to J. 

Appendix F illustrates the group means for pre and 
post-treatment measures, for each variable. Also included 
are the re a mean differences on pre and post- 
treatment measures for each group, for each variable. 

Appendix G illustrates the results of the two-way 
MANOVA with repeated measures on variables 1 to 5 taken 
simultaneously, and variables 6 to 9 taken simultaneously. 
Also included are the results of the post-hoc contrasts. 


Appendix H illustrates the results of the two-way 
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MANOVA with repeated measures for all variables, taken in- 
dividually. Also included are the results of the post-hoc 
contrasts. 

Appendix I illustrates the MANOVA interaction effects 
20% ail eroups 20r variables.] to 5 taken simultaneously, 
and variables 6 to 9 taken simultaneously. 

Appendix J illustrates the MANOVA interaction effects 
for all’groups on individual variables. 

The treatment means for each group on each occasion 
for each variable may be found on Table 1. Table 2 sum- 
marizes the treatment mean differences on occasion for 


each group on each variable. 


Verrablesr. to 5 


a) Main Group Effects for Variables 1 to 5 Taken Simul- 
taneously 


A significant treatment effect (df=15,44.6; F=9.82; 
p<.01) was observed when all groups were contrasted simul- 
Teneously on the means of variables, 1 “to 5 (Table 3, 
Figure 13). All Helmert contrasts for group effects 
(Table 7) swerevsteatistically sieniticant (ps.01). Thus, 

a general treatment effect was observed when the vector of 
averaged means for groups II, III, and IV was contrasted 
to the mean vector for group I. A significant treatment 
effect (p<.01) was observed when the means vector for 
group II was contrasted to the vector of averaged means 


for groups Til and IV. A final contrast of the means 
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Figure 13 
Mean Group Effects Averaged Over 


Occasion for Variables 1 to 5 
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vector for groups III and IV was observed to be signifi- 
cant (p<.01). All pair-wise contrasts of the group means 
vectors (Table 7) were statistically significant (p<.01). 
Thus, the means vector for each group could not be con- 


Sidered as having come from a common population. 


by individual Variable Effects for Variables 1 to 5 
Table 9 illustrates the mean group effects for the 


Pnodivadual Vvarrapress, Variables 1 to 5,°taken indivi-= 
dually, all demonstrated significant treatment effects 
(p<.01). The largest F-ratios were observed for vari- 
aotemimClt=o) 2037 h=26.603), Variable: 2. (dt=3,203) F=22255)., 
and variable 4 Gdt=3520; F=21.61). 

For variable 1 (Table 10), a treatment effect (p<.01) 
Was observed for all Héelmert contrasts. Group I contrasted 
to eroup 1V¥ was the only non-significant (p .05) pair- 
wise contrast. With the exception of groups I and IV, 
group means on variable 1 could not be considered as hav- 
ing come from a common population. 

For variable 2 (Table 11), a treatment effect (p .01) 
was observed for all Helmert contrasts. Group 2 contrasted 
to group IV was the only non-significant (p>.05) pair- 
wise contrast. With the exception of groups I and IV, 
group means on variable 2 could not be consdered as hav- 
ing come from a common population. 

For variable 3 (Table 12), a treatment effect (p<.01) 


was observed for all Helmert contrasts. Group I contrasted 
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to group IV was the only non-significant (p>.05) pair-wise 
Contrast. With the exception of groups J and IV; group 
means on variable 3 could not be considered as having come 
from a common population. 

For variable. 4 (Table 13), no significant difference 
(p>.05) between group I and the avenagchrol wroups gb, [il 
and IV was observed. Thus, the averaged group means for 
groupes 1, [ite ands Lyiucould: ber consrdered.;to be equals;to 
the mean of group I in the population. The remaining Hel- 
mert contrasts were significant (p<.01). A comparison of 
the averaged group means for groups III and IV could be 
considered significantly different in the population than 
the mean of group Il. Furthermore, the means of groups 
III and IV were not considered as being equal in the popu- 
Pion wowenig 1 cant sl pater effects (ps.02) were ob- 
served between all pairs of means for groups contrasted. 
Group means were thus considered as being unequal to each 
other in the population. 

For variable 5 (Table 14), a treatment effect (p<.01) 
was observed when the mean of group II was contrasted to 
the averaged mean for groups III and IV. The respective 
means could not be considered as being equal in the popula- 
tion. _A level of non-significant (p>.05) was observed for 
the remaining Helmert contrasts. Significant (p<.0l) pair- 
wise contrasts were observed for groups I and III, I and 
tween at oatid \- Liang «lV... -7 huss sue mien Tt Cant pair 
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being equal in the population. 


c) Main Occasion Effects for Variables 1 to 5 Taken Simul- 
taneously 


Table 5 illustrates the significant treatment effect 
fe = oot 10755; D<.01)}) for the meansstor the pre and 
post-treatment effects, averaged over the groups for 
variables 1 to 5, taken simultaneously. Thus, the com- 
parison of the pre and post-treatment means for variables 
1 to 5, taken simultaneously, was significant, and they 
were not considered equal in. the population. All variables 
were observed to have higher post-treatment measures 


(Figure 14). 


ad) Individual Variable Effects for Variables 1 to 5 
Table 9 illustrates the pre and post-treatment effects 


for the individual variables. Variable 2 was the only non- 
significant (p>.05) variable. The largest F-ratios were 
observed for variable 5 (df=1,20; F=34.61), and variable 4 
Gdf=1,20595-34.60)*. 

A significant overall interaction effect (df=15,39; 
F=2.11; p=0.03) was observed, illustrating changes between 
the pre and post-treatment measures for variables 1 to 5 
taken simultaneously across all groups, were not equal 
(Table 19). The pre and post-treatment interaction 
effects between group pairs on variables 1 to 5 taken 
simultaneously, differed. Significant interactions (ps.03) 


were observed between groups I and IV, II and IV, and III 
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Figure 14 
Mean Occasion Effects Averaged Over 


for Variables 1 to 5 
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Figure 14 
cont’d 
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and IV, implying a lack of parallelism between the pre and 
post-treatment comparisons. The largest F-ratio (df=5,14; 
F=7.70) was observed for the interaction of groups III and 
IV, when variables 1 to 5 were taken simultaneously. 

The interaction effects were calculated on the indi- 
vidual variables 1 to 5. When all groups were taken simul- 
taneously, the interaction effects for variables 1, 2 and 
3 were not observed to be significant (p>.05). When all 
groups were taken simultaneously on variable 4, the inter- 
action effect was observed to be significant (p=0.01). 

The group pair interaction effects were observed to be 
Sienitican, tor eroups lL and tid’ (p=0~02) wheend IV 

Por. 01), end Li ang/lV¥ {p=0.04).° The larfest F-ratio 
Cdt=1,17eP=11.98),, was observed between groups I and IV. 

For variable 5, the interaction effect when all 
groups were taken simultaneously, was observed to be sig- 
nitaeant (p=0.01).) The group pair®interaction effects 
were observed to be significant for groups I and III 
(p-0-0l0,-and | and iV (p<.01). “The largest F-ratio 


(df=1,17; F=14.08) was observed between groups I and IV. 


e) Graphical Results for Variables 1 to 5 Taken Indivi- 
dually 


For variable 1 (Figure 15), group IV was observed to 
demonstrate the greatest change with treatment (0.92 cm). 
As a consequence of the low pre-treatment value, the in- 
crement with training for group IV was not enough to 


raise the treatment effect to the average over occasion 
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Figure 15 


Group Means on Occasion for Variable | 
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for groups II and III. Although the pre-treatment dif- 
ference for-eroups ft and TIT (favoring group I1) was 
1.01 cm, the post-treatment difference (favoring group II) 
was only 0.35 cm. Group III increased girth at 77.5% ap- 
proximately 0.5) cm with training, whereas group II demon- 
strated little change. Although changes occurred with 
training, lack of statistical significance was observed. 

For variable 2 (Figure 16), group IV was observed to 
demonstrate the greatest change with treatment (2.12 cm). 
The lowest pre-treatment measure and highest standard de- 
viation were also observed to characterize group IV. Al- 
though group IV was observed to increase considerably with 
treatment, the change was not enough to increase the per- 
formance of group IV to be Significant when contrasted to 
the average means onvoccasion for groups JI and ITI. In 
fact, wie averape Over occasion tor groupe lV, with train- 
ing, approximated the average mean over occasion for 
group 1. Groups II and Ill were observed to decrease 
0.63 cm and 0.20 cm respectively, after treatment. 

For variable 3 (Figure 17), group II was observed to 
have the greatest change (11.25 ft lbs) with treatment, 
despite having the highest pre-treatment measure. Groups 
III and IV were observed to change the least (5.00 ft lbs 
and 1.16 ft lbs respectively) with treatment. 

For variable 4 (Figure 18), group IV was observed to 
demonstrate the greatest change (13.33 ft lbs) after 


treatment, but also had the lowest pre-treatment measure 
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Figure 16 
Group Means on Occasion for Variable 2 


Girth 
(cm) 


Torque 
(ft Ibs) 


Figure 17 


Group Means on Occasion for Variable 3 
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Figure 18 


Group Means on Occasion for Variable 4 
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of all the groups. Group III was observed to change 10.83 
TisldSs;, WLil tralning. sAS.a consequence of the low pre- 
treatment measure for group IV, the change over occasion 
approached the change over occasion for group I. The 
change, with training, for group IV was not enough to in- 
crease the treatment effects to the average levels for 
eroups if or lit. Although groups I and IIIT differed by 
only 0.77 £t lbs ~favoring group III) on the pre-treatment 
measures, the difference increased to 9.40 ft lbs (favor- 
ing group III) on the post-treatment measures. Thus, 
variable 4 showed the most consistent changes over the 
groups. 

For variable 5 (Figure 19), group IV was observed to 
demonstrate the greatest pre and post-treatment difference 
(5.40 sec) of all the groups, even though demonstrating 
the highest pre-treatment measure. Group III was observed 
to change 4.08 sec, with training. The lowest pre- 
treatment measure (31.95 sec) was observed for group II. 
The pre-treatment measures for groups I, III and IV were 
similar,@end differed at most by 0.93 sec (group IV - I). 
The post-treatment difference between groups I and III in- 
eyeacca 10.50.97 sec (Group [it — 1), and 5.77 sec. tor 
groups I and IV (group IV - I). The pre-treatment dif- 
ference between groups III and IV was 0.48 sec (group IV - 
III) while the post-treatment difference for groups III 


and IV was 1.80 sec (group IV - III). 
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Figure 19 
Group Means on Occasion for Variable 5 
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Variables 6) to 9 


a) Main Group Effects for Variables 6 to 9 Taken Simul- 


taneously 
A significant treatment effect (df=12,45.3; F=2.95; 


p<.01) was observed when all groups were contrasted simul- 
taneously on the means of variables 6 to 9 (Table Ly, , 
Figure 20). A general treatment effect (p=0.02) was ob- 
served when the vector of averaged means for groups II, 
Ili and IV was contrasted to the mean vector for group I 
(Table 8). When the means vector for group II was con- 
trasted to the vector of averaged means for groups III 

and IV, a Wevel of Mmon-significance (p>.05)"resulted and 
could be considered as having come from a common popula- 
tion. The final Helmert contrast of the means vectors/dor 
groups III and IV was observed to be significant (p<.01) 
and could not be considered as having come from a common 
population. Pair-wise contrasts of group means vectors 
were observed to be significant for groups.I and II 
(p=.01) slg dnd LViip=0'05), and Tit anda IV (p<.01)). The 
groups demonstrating significant pair-wise contrasts could 


not be considered as having come from a common population. 


b) Individual Variable Effects for Variables 6 to 9 


Table 9 illustrates the mean group effects for indi- 
vidual variables. Variables 7 and 8, taken individually, 
were observed to have significant treatment effects 
(pS.02), whereas variables 6 and 9, taken individually, 


were observed to have no treatment effect (p>.05). The 
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Figure 20 
Mean Group Effects Averaged Over 
Occasion for Variables 6 to 9 
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Figure 20 
cont’d 
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largest P=ratio was’ observed, for variable “7, (df=3,20; 


F=10.30), which was also identical to the angle of train- 
ing. The smallest F-ratio was observed for variable 6 
tora 2 20.) Ba0 7 >)*. 

For variable 7 (Table 16), a significant difference 
(p<.01) between group I and the average of groups II, III 
and Viwas observed. “Thus, the averaged group means Tor 
eroups II, lI1, and IV could not be considered as being 
equal to the mean of group 1, in the population. The 
mean for group II contrasted with the averaged mean for 
groups III and IV was observed to be non-significant 
(p>.05). A contrasting of means for groups III and IV was 
observed to be significant (p<.01). With the exception 
of pair-wise contrasts between groups II and III (p>.05), 
and I and IV (p>.05), group means on variable 7 could not 
be considered to be equal (ps.03), nor having come from a 
common population. 

For variable 8 (Table 17), a significant treatment 
effect (p<.01) was observed when the mean for group I was 
contrasted to the average mean for groups II, III and IV. 
Thus, the groups were not considered to have come from a 
common population. All remaining Helmert contrasts were 
observed to be non-significant (p>.05). Thus, a contrast 
of the means for group III and IV, and a contrast of the 
mean for group II with the averaged mean for groups III 
and IV could be considered as being equal and having come 


from a common population. 
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c) Main Occasion Effects for Variables 6 to 9 Taken Simul- 
taneously 


Table 6 illustrates the significant occasion effect 
(dra. 7 se = 303s) p=0.05) 10m thie means for the pre and 
post-treatment effects, averaged over the groups for vari- 
ables 6 to 9, taken simultaneously. Thus, the comparison 
of the Pre and post-treatment means for variables, 6 to 9 
could not be considered equal in the population. All 
variables were observed to have higher post-treatment 


measures (Figure 21). 


d) Individual Variable Effects for Variables 6 to 9 
Table 9 illustrates the pre and post-treatment effects 


for the individual variables. Variable 6 was the only non- 
significant (p>.05) variable. The largest F-ratio was ob- 

served or Variable t7-(di=),20; F=13.58%p<.01) , “the angle 

of training. . 

The overall interaction SPitecth (dma, 10; Fa0.71.. 
p>.05) was not observed to be significant, indicating that 
changes between the pre and post-treatment measures were 
not different for the groups, when variables 6 to 9 were 
taken simultaneously (Table 20). As such, the inter- 
action effects between group pairs were observed to be 
non-significant (p>.05). Thus, changes between the pre 
and post-treatment measures for groups could be con- 


sidered as being equal. 
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Figure 21 
Mean Occasion Effects Averaged Over 
Groups for Variables 6 to 9 
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Figure 21 
cont’d 
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e) Graphical Results for Variables 6 to 9 Taken Indivi- 
dually 


For variable 6 (Figure 22), groups III and IV were 
observed to have the greatest changes for pre and post- 
treatment measures (eroup 111)= 6.34 ft Los; group IV = 
17,00 fabs). Group IV was alsofobserved to have’ the 
lowest poo resinent measure. The pre-treatment average 
darrerence: for 2roups Ifl and IV was\l3e66 ft lbs (group 
III - IV). The post-treatment average difference for 
Peoupe 1 ean ive was 13.00 > oS (eroup lit — 1V)).. Fox 
groups II and IV, the pre-treatment difference was 8.58 
ft lbs (group II - IV), whereas the post-treatment dif- 
ference was only 3.08 ft Abs (group II - iV). For groups 
II and III the pre-treatment difference was 5.08 ft lbs 
(group III - II), whereas the post-treatment difference 
Was On07 t 1 ps (eroupe tli —. 10). 

For variable 7 (Figure 23), groups III and IV were 
observed to have the greatest pre and post-treatment 
change (group III =o .og lt Lebo rw rOUD. IN =O. Hog tbe). . 
Group IV was also observed to have the lowest pre-treatment 
measure. The pre-treatment difference between groups II 
and ITI was 0.25 ft. lbs (group III - II), whereas the post- 
treatment difference increased to 8.33 ft lbs (group III - 
II). For groups II and IV, the pre-treatment difference 
was 15.42 ft lbs (group II - IV), whereas the post- 
treatment difference was only 4.83 ft lbs (group II - IV). 


For groups III and IV, the pre-treatment and post-treatment 
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Group Means on Occasion for Variable 6 
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Group Means on Occasion for Variable 7 
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differences were similar (pre-treatment difference = 
i667 fc bss post-treatment dit.erence = 13°16 Tt Lbs). 

For variable 8 (Figure 24), group IV was observed to 
have the largest pre and post-treatment difference (16.34 
ft lbs) with training. Group IV was also observed to have 
the lowest pre-treatment measure for groups II, III and 
IV. Groups I and IV were observed to have similar pre- 
treatment measures (group IV - I = 0.23 ft lbs) but the 
post-treatment difference increased to 14.57 ft lbs 
(group IV - I). Groups II and IiI-differed on the pre- 
treatment measure by 2.58 ft lbs\(gnoupr iY 111) and on 
the post-treatment measure by 5.17 ft lbs (group II - 
TII). For groups II and IV, the pre-treatment difference 
was 12.42 ft lbs (group II - IV), whereas the post- 
treatment difference! was 4.83 ft lbs (group II - IV). 

For groups III and IV, the pre-treatment difference was 
9.84 ft lbs (group III - IV), whereas the post-treatment 
difference was 0.34 @t lbs (group IV -— 111). 

For variable 9 (Figure 25), group IV demonstrated the 
largest pre and post-treatment difference (23.83 ft lbs). 
Group IV was also observed to have the lowest pre- 
treatment measure. For groups II and III, the pre- 
treatment cditierence was "6.67 2t"lbs (erotip Il — II1), 
whereas the post-treatment difference was 2.17 ft lbs 
(group III - II). For groups II and IV, the pre-treatment 
ditterence: was 9,63 1t Lbs (sroup J1’- IV), whereas the 


post-treatment difference was 12.00 ft lbs (group IV - 
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Group Means on Occasion for Variable 9 
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II). For groups III and IV, the pre-treatment difference 
was 3.16 ft lbs (group III - IV), whereas the post- 


treatment difference was 9.83 ft lbs (group IV - III). 


Discussion 

The overall. results of the study support the previous 
findings ‘by Currier tet al.+(¢8) ,)Garrett cet tab. «(13),Hart- 
sell (21) and Massey et al. (39). EMS concurrent with 
isometric exercise improves quadriceps strength beyond 
performance levels of individuals who do not train. Addi- 
tionally, individuals that train using isometric exercise 
increase quadriceps strength beyond performance levels 
Hom individuals who ido mot strain’, akthough «srenificance 
varies for the nine variables. 

The present Pet eee erent that overall, the use 
of EMS concurrent with isometric exercise was not signi- 
ficantly more effective in increasing quadriceps strength 
than training by isometric exercise alone. Garrett et al. 
(13) -and Currier et al. (8) had concluded similar find- 
ings, whereas neces et al. (57) noted that subjects re- 
ceiving EMS increased quadriceps strength beyond perfor- 
mance levels of subjects receiving exercise only. Godfrey 
et.al 4 (15). supported:-the. resulte- ofTaykor, et al. (57). 
Johnson et al. (23) concluded that EMS was effective in 
improving quadriceps strength in patients with P-FC, but 
was of greatest benefit in combating the lost voluntary 


control of the quadriceps. The difficulty arises when 
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comparisons are attempted between previous studies, or 
previous studies and the present study. The status of 
muscular health of the subjects in all studies involving 
the use of EMS differs, and consequently all observations 
must be accepted and taken in light of individual circum- 
sbancesesvAsnorott 62)+handi dohnsonieteal«A(23)..conchu- 
Sively stated that the weaker the muscle, the greater were 
the strength gains after an EMS training program. Effec- 
tively, the results of the present study support the pre- 
vWiousr conclusion) by Ashcroft, (1) seandvd ohnsonvet alenk23). 
The average pre-treatment measure for the group receiving 
bipolar EMS concurrent with isometric exercise was lower 
than the group receiving isometric exercise or the group 
receiving monopolar EMS concurrent with isometric exercise. 
Excluding the measurements for the variable of dynamic 
strength, the greatest pre to post-treatment differences 
were observed for the subjects receiving bipolar EMS con- 
current with isometric exercise. Regarding the individual 
subject measurements for the groups having undergone train- 
ing, the subjects in the EMS concurrent with isometric 
exercise groups consistently demonstrated that the lower 
the initial strength level, the greater was the improve- 
ment in quadriceps strength after training. 

The two concepts that EMS concurrent with isometric 
exercise is more effective in increasing quadriceps 
strength than no training, and that EMS concurrent with 


isometric exercise may be more effective than isometric 
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exercise done for increasing quadriceps strength in 
weakened muscle are important. When the two concepts are 
combined with the reported physiological effects of EMS, 
which include increased motor unit recruitment, reduced 
reflex inhibition, increased capillary blood flow, im- 
proved oxygenation of the tissues, improved removal of 
metabolic waste build-up, and prevention of venous stasis 
(4,33,54), the importance for clinical use of EMS during 
rehabilitation becomes apparent. 

Few studies in the literature have observed changes 
bnamuseheliszirth) after ENSatraining.* Godfrey eettal.«(n5) 
noted an increase in muscle bulk for injured muscle sub- 
jected to EMS training, and Johnson et al. (23) reported 
that the greater the initial muscular atrophy, the more 
Significant were the girth increments after a program of 
EMS. Significant changes in girth were not observed in 
the present study, but the changes which did occur remain 
noteworthy. For girth at 77.5%, the observation was made 
that the greatest increments in girth occurred to the 
groups with the smaller initial girth measures. The EMS 
concurrent with isometric exercise groups were observed 
to have smaller pre-treatment girth measures than the iso- 
metric exercise group, and thus were also observed to have 
the greatest difference on occasion after training. For 
the EMS concurrent with isometric exercise groups only, 
the same finding was observed. A similar finding was 


observed for girth at 50.0%. The increment with training 


su: etquemcd. oat einer 
: ‘eal site i 
; bode 


-wL'yo etee tts Uno tgotateg 


HS Gay oe te as tee * 


ey 


i .,. Wal? tauld coe Sbeend 
ta es fieve xtnak venrarkt ae bo 4s 
fapfe 2 ecey f4 ite Sean ivi a 
SEW sot d Le Sok iugadaaiehe outs a \ Na 


ie 


vr 
he 


ey 


tretaggs  onoood ne ne? 

sdnreto boevigete ovat otwtstee el eee ae coibute w 
) visi gs Ye ineoy us tree ar. atte tei e 
fonuwis borotot wet Adu ee peti ‘pemeinat 
iwiveqes (€S) . le Fe monawinS bua“ eiieiee Ri ee 
situs vyooorn welodeimn | feds Utd sid reno me 
muir A Vette sinsmedoe dirt atts - erew taeoF ice 
hevingdo ton saew ele cre Signatio Caer aes 
‘iemet “~wroa0 BES ecotdw pounds edd tod yours d1iee ; 
Sac aew noitevisede sft ~ Rt. 1) te Are ae ~ yerete 19; 
oti of berruoon, tishy init ethene toe? Settee 
woiT .awsinoget dial, Ramtint teticaa ena St be ; c 
bays tow equots paltrexs ofrtemond- eihbw tctoremss, 
led? s@uyvte Sy iia dipatgens song) ted) i : 

lof SBeviesds s3 6 Siew ent Bas yaeer eefoverat on 
sok ,gulelot? .ette adzceboed we sorte tte tends 
‘Ela aque ” sgievexa siniemond Wtiw trswayaroD, eat 
vaw witonit «slimia A wshewrseds aaw aiathott @ 

. 

gotnigx«t dhiw tnemetoni sit “RO Oeete tals r0%:| 


103 


for the bipolar EMS concurrent with isometric exercise 
group was the greatest of any of the girth differences for 
the groups which underwent training. The loss of girth at 
50.0% for the subjects in the isometric exercise group and 
the monopolar EMS concurrent with isometric exercise group 
may be indicative of a loss of subcutaneous tissue (27). 
The effects of the EMS techniques concurrent with 
isometric exercise on girth changes at 77.5% and 50.0% are 
worthy of note. For girth at 77.5% the monopolar EMS con- 
current with isometric exercise group had an initial girth 
measurement of 1.49 cm greater than the bipolar EMS con- 
current with isometric exercise group. The difference 
after training favored the monopolar EMS concurrent with 
isometric exercise group by 1.20 cm. Thus the changes were 
Similar for the EMS concurrent with isometric exercise 
groups at 77.5%. However, at 50.0% the monopolar EMS con- 
current with isometric exercise group had an initial girth 
measurement of 3.77 cm greater than the bipolar EMS con- 
current with isometric exercise group, whereas the dif- 
ference after training favored the monopolar EMS concur- 
rent with isometric exercise group by 1.45 cm. Thus, the 
bipolar EMS technique concurrent with isometric exercise 
was more effective for increasing girth at 50.0% than the 
monopolar EMS technique concurrent with isometric exercise. 
Physiologically, the cross-sectional area of a muscle 
increases with exercise as a result of increased myofib- 


rillar density and a reduction in the amount of sarcoplasm 
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bavineseontracti be tcomplexn(27). 2 *Thersubjects int thetmono- 
polar and bipolar EMS groups performed isometric exercise 
concurrent with EMS, and, since an EMS induced muscle con- 
traction most closely approximates a voluntary contraction 
(55), similar rationale for girth increments with EMS con- 
current with isometric exercise may be indicated. Concur- 
rent with the physiological changes is an increased quality 
of contraction, which is dependent upon the number of con- 
tracting fibres, a reported EMS effect (27,35,54). The 
rationale for the nature of the girth changes may be re- 
lated to the EMS technique used. Bipolar EMS produces a 
direct and even distribution of current between the two 
electrodes and throughout the vastus medialis muscle. As 
a result, the physiological changes of increased myofib- 
rillar density and reduction of sarcoplasmic reticulum 

may occur throughout the course of the muscle, creating 
girth increments at 77.5% and 50.0%. Monopolar EMS pro- 
duces an indirect stimulation to the quadriceps muscle 
group as a whole, and specifically focuses on the vastus 
medialis muscle through the motor point. As a result, the 
physiological changes associated with increased girth were 
specific to the higher intensity of stimulation given to 
the vastus medialis through the motor point. Thus, the 
girth increment at 77.5% and lack of increment at 50.0% 
may be explained for the monopolar EMS concurrent with 
isometric exercise group. 


The different methods of training were observed to 
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have varying effects on dynamic strength, muscular power 
and muscular endurance. Post-treatment increments were 
observed for the training groups on all the isokinetic 
measures. Significant overall interaction effects were 
observed for the measures of muscular power and muscular 
endurance, but interaction effects between the training 
groups for the two previously mentioned measures were 
lacking. Regarding actual torque or time changes with 
training, the EMS concurrent with isometric exercise 
groups were generally observed to improve more. The im- 
provements may be indicative of the lower initial levels 
of strength and also of the additional effects of EMS con- 
current with isometric exercise and associated EMS physio- 
logical changes (4,21,40). 

The changes in dynamic strength for the EMS concur- 
rent with isometric exercise groups were contrary to expec- 
tation. For all groups taken simultaneously, a signifi- 
cant pre and post-treatment effect was observed, but fur- 
ther analysis didnot produce ‘aisignifacant, interaction 
effect between the groups. A possible explanation is that 
the majority of subjects in the control group had post- 
treatment measurements which were considerably greater 
than the corresponding pre-treatment measures. The sub- 
jects in the control group may have given an unusually 
higher effort on the first isokinetic measure since simi- 
lar increments were not observed for the remaining 


measurements. 
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Greater effects of treatment were expected for the 
EMS groups for the following reasons: 

1. Previous studies (30,43,52,64) reported either a 
maintenance of strength or strength increments after a 
program of isometric exercise. Other studies (12,23,27;35, 
61) have reported increments in strength after an EMS pro- 
gram. Since a muscle contraction induced by EMS most 
closely approximates a voluntary effort, and the present 
study combined voluntary with involuntary effort, incre- 
ments resulting from EMS concurrent with isometric exer- 
cise training should have been at least as great as the 
changes associated with exercise alone. 

2. The isometric exercise group demonstrated a con- 
Siderable increase after training. Thus, the EMS concur- 
rent with isometric exercise groups were expected to 
demonstrate increments at least as great as the isometric 
exercise group since the only difference between the 
training groups was the EMS. 

3. The literature (2,27) has reported a positive cor- 
relation between increments in muscle girth and strength 
gains. Although not significant, girth increments were 
observed for the EMS concurrent with isometric exercise 
groups in the present study. 

4. Muscular power and muscular endurance improved 
with training for the EMS concurrent with isometric exer- 
cise groups. Thus, a subsequent increment for the dynamic 


strength measure was expected. 


ova Ve? Vitae 


oi? te “perbobane: 


“and LS He Psogey (aa ese 


2 @4f'.. etisetsnonl eos 


-oug. S0U~ its | et te ayers mh 
havi, | Be ya becvbit we iPuehao foam 
org ont tise aes yistneloy fe veg 

a4oab , dod wad eel vid Ab Byes veer ee lew str sie > 

>) PW Dpeyeteaiee CRE abet ees 

rr woh ve teeed ts ee it (Sue oa 
aioe sc 5 yee Sie fests iooans 5 


OW bbw) Sie se ote 

: rig . : > need ‘ or. . , 3 y od 
aie swrideeys {oP oe: Saetens Sigeas 
Sahay fay Suucls SahSteas ePrtsnioel dee 
[ ind 


Moon! oo eterametent oftatar 
rouwod »oce'TLes ile enh eee oie onto 


_ ai tw Baw aquets 
s babtage toad (7848) setae ab eds 


bayer Hire rerin. plosam orl efroveds4 coat ot OE 


> J 


% a ee chin? Poy en oe Lets a Peete rhauclt Lik! ro fs 


siinyvess oittsatost Aw tuegavornesd- che cm mod ay is 


Yhuis onaasig exit af. 
ae 


Betagee 


ont . 


hevoegnt acreivinw sadeosum, peo waweq> setae Hy 


\ 


xo olvtededtalhiw (retinas Gis ety cot 


Simesnyh wit ey Soemiwend deepsea aeons 


Oz 


5. Kots (26,27) stated that optimal increments in 
strength occurred after 20 to 25 stimulation sessions. 
Subjects in the present study received a minimum of 
twenty-eight EMS sessions. 

6. Kots (27) stated that EMS was capable of recruit- 
ing more motor units beyond that which an individual was 
capable of recruiting through a voluntary effort, towards 
enhancement of strength by 10% to 30%. Similar effects 
may result with the use of a low frequency stimulator. 

several viewpoints may be indicative of the perfor- 
mance by the EMS concurrent with isometric exercise groups. 
During the training sessions, the subjects in the EMS con- 
current with isometric exercise groups were requested to 
withstand the maximal intensity of current barely toler- 
able, and concurrently give a maximal voluntary effort. 
Considering the sensory or skin irritation normally asso- 
ciated with low frequency faradic stimulators (34), the 
concept of maximal voluntary effort may have been masked. 
The idea of discomfort is different from that reported by 
Curwin et al. (9) who stated that subjects were not pro- 
ducing maximally as a consequence of pain resulting from a 
sensation of muscle cramping. Secondly, the subjects may 
have subconsciously concluded that they did not have to 
work as hard on occasion since the current would provide 
the little "extra effort" towards the contraction. Conse- 
quently the subjects became dependent on the current for 


help on the voluntary output. 
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The most plausible viewpoint is the latter. When the 
subjects in the EMS concurrent with isometric exercise 
groups attempted the first isokinetic post-treatment mea- 
sure, which was dynamic strength, they relied on the help 
normally provided by the EMS current. Once the absence of 
the current was accepted, the subjects increased their 
voluntary effort to approach maximum, as illustrated by 
the post-treatment increments for measures of muscular 
power and muscular endurance. Conceivably, if the pos- 
sibility of current dependency had not occurred, the 
change with training in dynamic strength for the EMS 
groups would have been at least as great as the changes 
observed for the isometric exercise group. 

For the EMS concurrent with isometric exercise 
groups, the group training with monopolar stimulation may 
have the potential to improve dynamic strength more. 
Though the increments were small for the EMS concurrent 
with isometric exercise groups, the monopolar EMS concur- 
rent with isometric exercise group improved more, even 
with a higher initial level of strength. Monopolar EMS 
affects the whole of the quadriceps group through indirect 
stimulation but intensely stimulates the vastus medialis 
through the motor point (4). The parameter of dynamic 
strength involves the whole of the quadriceps muscle group 
working as a harmonious unit, and does not rely ona 
Single muscle for optimal performance. For example, the 


vastus medialis muscle working in isolation does not have 
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the ability to: extend. the “ower dimb (36, 37)" Thus; tne 
suggestion that the monopolar technique affecting the 
whole of the quadriceps muscle group rather than the bi- 
polar technique affecting the vastus medialis muscle for 
increasing dynamic strength is feasible. 

Once the statistical analysis was completed, the 
interaction effects for the individual variables of mus- 
cular power and muscular endurance were the only signifi- 
cant individual variables. Although previous studies have 
not reported observations on muscular power and muscular 
endurance, several viewpoints may be stated in support of 
the present results. All the groups involved in training 
demonstrated improvements in muscular power, but the EMS © 
concurrent with isometric exercise groups demonstrated the 
greatest changes with training. The monopolar EMS concur- 
rent with isometric exercise group increased 11.26% and 
the bipolar EMS concurrent with isometric exercise group 
increased 15.78%. The increments in muscular power for 
the EMS concurrent with isometric exercise groups were 
Significant when each EMS concurrent with isometric exer- 
cise group was compared to the control group. Although 
the isometric exercise group improved, the change with 
training was insufficient for significance over the con- 
trol group. Thus, the EMS concurrent with isometric exer- 
cise groups were more effective than isometric exercise 
alone for improving muscular power, when compared to a 


group that did no training. Changes within the EMS 
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concurrent with isometric exercise groups were not enough 
to definitely conclude which EMS technique concurrent with 
isometric exercise is more effective in enhancing muscular 
power, which may be indicative of the limitations of a low 
frequency muscle stimulator used in the training of 
healthy muscle. Several viewpoints in support of the in- 
crements in muscular power for the EMS concurrent with 
isometric exercise groups are as follows: 

1. The physiological effects of EMS include increased 
motor unit recruitment, improved peripheral nerve effects, 
and improved capillary blood flow (33,36), factors known 
to influence muscular power. 

2. Kots (26,27) after studying muscle fibre types and 
rates of firing concluded that the most suitable frequency 
to cause maximal power of a muscle was a rhythmical stimu- 
lation of between 50 to 100 cps. For example, if the fre- 
quency was 100 cps, stimulation of only a fraction of the 
nies muscle fibres would occur, and stimulation with a 
frequency of 30 cps would achieve a maximal contraction of 
the slowest muscle fibres but still induce tetany in the 
faster fibres (67) 2°fhe muscle stimulator: used in -the 
present study had a frequency of 65 cps, capable of stimu- 
lating the fast twitch and slow twitch fibre types. 

3. Optimal power increments were produced after a 
minimum of 10 to 15 stimulation sessions (27). The 
present study was in accordance with the findings of Kots. 


4. Normally when a muscle contraction occurs with 
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the intensity of the contraction increasing slowly, the 
order of recruitment is from slow twitch fibres, innervated 
by small motoneurons, to fast twitch fibres, innervated by 
large motoneurons. According to Kots (27) F@ther order of 
recruitment changes with a sudden strong change in elec- 
trical .intensity, suchas that provided by EMS, and the 
fast twitch fibres are recruited before the slow twitch 
fibres (27). Since power predominantly involves the action 
of fast twitch fibres (2), power increments after training 
with EMS are warranted. Kots (26,27) stated that although 
power may increase by increasing the percentage of fast 
twitch to slow twitch fibres, the rationale is more likely 
to be the result of the fast twitch and slow twitch fibre 
ratio remaining the same, but the quality of recruitment 
tends to be more specific towards activating fast twitch 
fibres. 

SiyNormmal by raecertain camount +oL CNS-inhi birpion tvs 
present during a muscle contraction (2), and the subse- 
quent recruitment of all motor units in a muscle or muscle 
group becomes impossible and thus dampens the eventual 
power output. A decrease in CNS inhibition would faci- 
litate motor unit recruitment and enhance power (2). With 
the use of EMS, the CNS does not give input, but voluntary 
contraction increases, implying a change taking place in 
the peripheral nervous system (27). Thus, power incre- 
ments are possible. 


Considering the low initial measurements for the 


mY ht ie 


iy 
a 


sri Ciwodang uke a 
hatavt wttet eens dot Seat Oi fae: 
yt Latayworek bod ane ry 


Point 
mm wae 
*coometine sah", VS) ron oF atk nxt 
Ta ile 


in 
ne he ol eyed minnie fee bbiad Pa roe 
ye Bene x yA heh vans ek ery ; —_ i 
test Pwd wns i 3 SAF Scio'ted beh See : 
rie afr coviownrt -ifmaa nee Tewoq, inde 
ve. 


wtitiievyt?t verte asitomeon s9vioe oth) eset? sodhy = & 


a 


‘auottis teas Deters .( fe, os2 adel deduserree ae at 
in Faatauesersr sit arb sess saya Ga: anisorrned yok 8 
Visiil stom ei elisnortsey sat gates fof red wo le. ox dost 
i> wole Bon Aoliwt 23% oye Wiseerd ont 9 
1a" (tele ont (ee eaeeete ‘gnintene 


faat-anivev id os, abeawek >! Wibode Sven od ot 


wéfiditwt C49. ‘To Tote olLebie® 4 we aawenees 


cite edy its , CS? a6ftosefaow eieeiw a sat: ¢ 9 & 


> me ev Lew ewoehor 1 ie Te tramt lots sis 


“vs off onto eae? Tine Patteseiil, eamooed ak i] 
et fiywow moi Wi ieiel SAO ws spabradd f aoa 

rb \ yoweg soneiice Ene taeahépysed ahha Gene 
yee toe ene: hint evig dod ageb ony act Gael to 
vk goete acta? sorted « eaivigad ~eepesiont pe 
-exsai tewoq , sud? ~({S >) geteye avovrant {st2 iq : 
.aidlezog, 
olf 197% atconetwanstteéftel goby grisebiew 


it2 


bipolar EMS concurrent with isometric exercise group, on 
muscular power, a greater change due to training may have 
been expected. The potential for muscular power to im- 
prove more with the use of monopolar EMS concurrent with 
isometric exercise may be reasoned by the following: 

1. Power should increase as more muscles are recruited, 
and as these muscles increase in strength. Monopolar EMS 
affects the whole of the quadriceps muscle group, not a 
Single muscle, and the stimulation would provide for an 
increased recruitment of motor units causing an increase 
in neuromuscular facilitation, and finally an enhance- 
ment of power performance. 

2. The subjects in the bipolar EMS concurrent with 
isometric exercise group may have reached the maximal in- 
tensity limit on the cae stimulator ofout stall have 
been able to tolerate more. If a muscle is stimulated 
directly, the increase in contraction quality with incre- 
ments in current intensity is less marked due to an in- 
creased excitation range (4). If a muscle is stimulated 
through its nerve, such as the monopolar technique, a 
slight increase in current will give a marked increase in 
contraction -quality. - Thus,- the subjects in the monopolar 
EMS concurrent with isometric exercise group may not have 
reached the limit of maximal intensity on the stimulator. 

Muscular endurance was the only other variable ob- 
served to demonstrate a significant change when group 


interactions were considered. Both techniques of EMS 
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concurrent with isometric exercise were observed to in- 
crease muscular endurance significantly over a group that 
did not train. The isometric exercise group did not signi- 
ficantly increase when compared to the control group. The 
difficultywarisesuin conclusively astatingewhichnrEMs 'tech- 
nique concurrent with isometric exercise is more effective 
in improving muscular endurance, for reasons similar to 

the reasons stated for muscular power. Considering the 
initial levels of performance and improvements with train- 
ing, the bipolar EMS concurrent with isometric exercise 
group was observed to provide the greatest effects towards 
improving endurance. Several suggestions are given in sup- 
ports 

1. EMS increases capillary blood flow, improves oxy- 
genation of tissues, improves removal of metabolic waste 
products; and increasesimotor junit necruitment (21 /33,56) . 
Muscular endurance during training has been shown to in- 
crease with improvements in the aforementioned factors. 
With the use of EMS, the improvements towards enhancement 
of muscular endurance should be at least as great as with 
exercise alone. 

2. Bipolar stimulation specifically affects the vas- 
tus medialis muscle. As an individual performs the en- 
durance parameter, fatigue occurs causing the lower limb 
to fail in reaching the last few degrees to full exten- 
Sern» toLetnieskneew) Phe: eliast B04 to full extension re- 


quires a 60° increase in quadriceps force (36,37) without 
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fatigue. Vastus medialis works throughout the full range 
of motion to knee extension, but as a result of the fibre 
alignment and the low angle of insertion of the distal 
fibres, the angle of pull for vastus medialis is more ef- 
ficient towards full extension than the remaining quadri- 
ceps muscles. Thus, specific stimulation of vastus media- 
lis with the bipolar technique may enhance muscular en- 
durance more than the monopolar EMS technique. 

Effects of treatment on the isometric measures of per- 
formance are worthy of note, even though no significant 
interaction occurred. All training techniques were ob- 
served to increase mean torque at all angles of knee ex- 
tension tested. A considerable increase with training oc- 
curred at Pie and “30% knee extension for all groups who 
partrcipated “in .a iaeenene program at a30 % knee extension. 
The final 30° to full extension is a biomechanically in- 
efficient angle for the quadriceps muscle, since the 
muscles are ina shersened positronsrrThe ability to-main- 
tain or improve quadriceps strength in the final SU sus 
full extension by training at 39054 knee extension is of 
eliinical “importarices «Theslast 308 to full knee extension 
isa difficult range to regain  after?injury, surgery, or 
immobilization, and the traditional quadriceps lag is fre- 
quently observed. By maintaining or improving quadriceps 
strength in the difficult range of knee extension, the 
quadriceps lag may be reduced, an alteration of reflex 


inhibition due to peripheral nerve and CNS modification 
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may occur, and rehabilitation would be able to be started 
at a more advanced level, thus reducing the conventional 
rehabilitation time. The present findings which demon- 
strate an ability to maintain strength at weak angles for 
the quadriceps muscles, support earlier findings (21) 
which demonstrated that no decrement in strength was ob- 
served at a and = 30.0 knee extension after four weeks of 
monopolar EMS concurrent with isometric exercise given to 
a healthy, casted lower limb. The monopolar EMS technique 
concurrent with isometric exercise may have the potential 
to be more effective in increasing isometric strength at 
the weak angles of knee extension since the initial level 
for the monopolar EMS concurrent with isometric exercise 
group was higher than for the bipolar EMS concurrent with 
isometric exercise rae but the change with training for 
the monopolar EMS concurrent with isometric exercise group 
approximated the change with training for the bipolar EMS 
concurrent with isometric exercise group. 

The converse may be observed for the angles of sie” 
and -60° knee extension. Although the bipolar EMS con- 
current with isometric exercise group had a lower initial 
strength level, the change with training was considerable 
and may be specific to the technique of stimulation. 

Specificity of training was observed to exist. The 
angle of training was set at -30° knee extension for all 
groups except the control group. 


Thus far, significant differences between the effects 
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of monopolar and bipolar EMS techniques concurrent with 
isometric exercise are lacking. Even so, suggestions for 
clinical use are still possible. If either EMS technique 
concurrent with isometric exercise has the potential to 
increase quadriceps strength in healthy, innervated muscle, 
the effects of EMS concurrent with isometric exercise on 
injured muscle and joints should be at least as great. 

The monopolar EMS technique concurrent with isometric 
exercise may be the technique to use most often for general 
improvement of quadriceps performance, the prime concern 
in rehabilitation. After the quadriceps muscles have 
reached an acceptable level of restoration of the func- 
tional components, focus of attention may be given to vas- 
Tussmedwawe Ss. Thus, the bipolar EMS technique sconcurrent 
with isometric eee should be employed to enhance 
hypertrophy of vastus medialis for the role that the 
muscle plays in patellar re-alignment and increasing quad- 
riceps strength at greater negative angles of knee exten- 
Sion. 

However, if the underlying pathology was one of P-FC, 
Patel aresublwuxation, “or patel larvdislocation,~) then the 
bipolar EMS technique concurrent with isometric exercise 
should be utilized throughout rehabilitation. 

Although complete ramifications of EMS concurrent 
with isometric exercise, on healthy or injured muscle, 
remain unknown, studies such as the present one are slowly 


introducing new concepts and ideas which will lead to 
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furcner researcnm in an a@tsempt to ard. in the rehabilita— 
tion of musculoskeletal trauma. Eventually we shall see 

a reduction in the time conventionally required to restore 
a damb to complete functional restoration of all the com- 


ponents. 
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CHAPTER V 
SUMMARY, CONCLUSIONS, OBSERVATIONS 


AND RECOMMENDATIONS 


Summary 


The isometric exercise, monopolar EMS technique con- 
current with isometric exercise, and bipolar EMS technique 
concurrent with isometric exercise were observed to en- 
hance quadriceps strength over six weeks of training. 
Generally, the EMS techniques concurrent with isometric 
exercise were as effective as but no more effective than 
isometric exercise alone, for enhancing quadriceps strength. 

Changes in girth measurements were observed to be re- 
lated to the type of training provided. The EMS concur- 
rent with isometric exercise groups were observed to in- 
crease warth.at.77.5% as, a-resuld, of) thet concentration. of 
stimulation to vastus medialis. The bipolar EMS technique 
concurrent with isometric exercise increased the girth at 
50.0% by 2 cm for the bipolar EMS concurrent with isometric 
exercise group; this resulted from the direct and even dis- 
tribution of current throughout the vastus medialis muscle. 

Dynamic strength was observed to improve for the iso- 
metric exercise group, but the increments for the EMS con- 
current with isometric exercise groups were minimal. The 
subjects in the EMS concurrent with isometric exercise 
groups may have relied on the EMS current, and consequently 


reduced the maximal voluntary effort on the first 
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isokinetic measure of the post-test. The EMS concurrent 
with isometric exercise treatments were more effective for 
enhancing muscular power and muscular endurance. When dif- 
ferences in pre-treatment measures and rates of improve- 
ment were considered, the monopolar EMS concurrent with 
isometric exercise group demonstrated a greater improve- 
ment generally, but the bipolar EMS technique concurrent 
with isometric exercise was more effective in enhancing 
muscular endurance. 

Few significant differences were observed for the 
isometric strength variables when the isometric exercise 
group was contrasted with either of the NEP eon cet with 
isometric exercise groups. Considering the pre-treatment 
measures and rates of change with training, monopolar EMS 
technique concurrent with isometric exercise was observed 
to be more effective towards improving isometric strength 
at the weak angles for the quadriceps muscles, namely ad ste 
and ea knee extension. The bipolar EMS technique con- 
current with isometric exercise was observed to be more 
effective towards improving isometric strength at the 
stronger angles of the quadriceps muscles, namely 5 and 
-60° knee extension. 

The isometric strength measure of B07 knee extension 
was observed to have the highest F-ratio of all the iso- 
metric strength measures. Thus, specificity of training 


was indicated. 
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Conclusions 

The following conclusions were made as a result of the 

present study. 

1. EMS concurrent with isometric exercise, and iso- 
metric exercise alone may enhance quadriceps 
strength. 

2. No significant difference existed between the 
monopolar and bipolar EMS techniques, each given 


concurrently with isometric exercise. 


Observations 

Throughout the present study the following observa- 

tions have been made. 

1s; The observation was made that the lower the pre- 
treatment torque measurements, the greater the 
treatment effects. 

2. Monopolar EMS concurrent with isometric exercise 
may be more effective than bipolar EMS concurrent 
with isometric exercise towards increasing mus- 
cular power. 

3. Bipolar EMS concurrent with isometric exercise 
may be more effective than monopolar EMS con- 
current with isometric exercise in increasing 
muscular endurance. 

4, Training at) andangle of -~30° knee extension was 
observed to produce considerable strength in- 


crements at the weak angles (59 and Ceres knee 
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extension) for the knee joint. 

5. At the weak angles for the knee joint eer and 
ees knee extension), the monopolar EMS tech- 
nique concurrent with isometric exercise was 
observed to be more effective for increasing 
quadriceps strength. 

6. At the stronger angles for the knee joint alley 
and -60° knee extension), the bipolar EMS tech- 
nique concurrent with isometric exercise was 
observed to be more effective for increasing 


quadriceps strength. 


Recommendations 

Tene eb Ud ys, utilizing the same format as the present 
study, needs to be done using muscle stimulators 
of different frequencies so that the effects of 
different current frequencies on selected physio- 
logical parameters may be determined. 

2. A study investigating the histochemical and bio- 
chemical effects of monopolar and bipolar EMS on 
normal muscle, needs to be done to determine the 
effects of different formats of EMS at the 
intramuscular level. 

3. A study involving bipolar and monopolar EMS con- 
current with isometric exercise at aon knee ex- 
tension, combined with an EMG analysis during 


stimulation, needs to be done to determine the 
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response of a muscle:‘or muscle group. 
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ELECTRICAL MUSCLE STIMULATION 
RESEARCH INFORMATION AND 
CONSENT FORM 


- conducted by Heather Hartsell 
Fall 1980 


University of Alberta 


PURPOSE 
The purposes of the proposed study are to compare two 
different techniques of electrical muscle stimulation, to 
standard isometric exercise, to no training; all over a 
time period of six weeks. You will be asked to partici- 
Davewmaceancubsect~ ih Only, one voll thew tour eroups - 
Comparisons will be made on selected physiological 
parameters. 


PROCEDURE PRE and POST TRAINING 

a) assessment of muscular strength, power, endurance, 
and isometric strength at selected angles of knee 
flexion; using the Cybex Isokinetic machine. All 
measurements will be taken on the right leg. 

b) girth measurements of the right leg taken at two 
locations. 

c) maintain a weekly activity sheet given to you. 


TRAINING FORMAT 

a) Control group: required to attend the pre and post 
testing sessions and required to maintain a weekly 
activity sheet. 

b) Isometric and Electrical Stimulation groups: all 
training will be performed daily, five days each 
week, for a period of six weeks. Training con- 
Sists of fifteen minutes per day. Subjects will 
be required to maintain a weekly activity sheet. 


The data and information obtained from the study will 
be used tor tscholarly publication and ‘discussion. All data 
shall remain confidential and names will not be used to 
identify the subjects. _ 

The personal data will be freely available to the 
subjects in the study upon completion of the project. 

The procedure is entirely safe and not injurious in 
any way. All handling of the research equipment shall be 
by the researcher only. 

The researcher agrees to answer any questions that 
the subjects may have concerning the procedures, or any 
other aspects of the study. 
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The subjects are free to withdraw consent and dis- 
continue participation in the study at any time, and 
without prejudice. 


CONSENT 

I have read the description of the proposed research 
and: understand 1s potential value. 29-am: also aware: that 
I am free to withdraw from participating at any time. 


Signed: 


Date: 
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E.M.S. RESEARCH 
NAME: 
GROUP: Zz Li ABAERE i 
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Badminton 
Baseball 
Basketball 
Cycling 
Dancing 
Football 
Golf 
Gymnastics 


Handball- 
individual 
team 


Hockey- 

floor 

ice 

Jogging 
Orienteering 
Racquetball 
Rugby 
Skiing- 
cross-country 
downhill 
soccer 
Sprinting 
Squash 
ptaLlr nunninS 
Swimming 
Tennis 
Volleyball 
Walking 
Weightlifting 
Wrestling 
Other (specify) 
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DATA SHEBE 
SUB ECT: 
BIRTHDATE: 
WEIGHT: 
GROUP pra qs 1A 
Pre- 
Treatment 
( 
ay Girth 
Adis, == MEG = cm 
De 7s z cm 
250.0% = cm 
b) Cybex II (# holes showing ) 


1. Dynamic Strength (30°/sec) 
2. Power (180°/sec) 
3. Endurance (180°/sec) 

= 50% peak torque strength 


decrement 


4, Isometric Strength (0°/sec) 
(knee extension) 
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Garth.at 77.52. (cm) 


Girth at 50.0% (cm) 


Dynamic Strength (ft lbs) 


Muscular Power Cit “ibs) 


Muscular Endurance 
Isometric Strength 
Isometric Strength 
Isometric Strength 
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